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TRIAZOLE COMPOUNDS, THEIR PRODUCTION AND USE 



FIELD OF THE INVENTION 



This invention relates to triazole compounds, their production and use, the said compounds are useful 
5 as antifungal agents or the intermediate for their synthesis, being useful in the field of drugs and agricultural 
chemicals. 



BACKGROUND OF THE INVENTION 

70 



Various compounds have been reported as antifungal agents. 

For example, triazole derivatives were disclosed as compounds having antifungal activities in the 
gazette of Japanese. Unexamined Patent Publication No. 189173/83 and No. 98072/84. However, it is 
75 difficult to say that these compounds are effective enough as drugs from the standpoints of their antifungal 
activity, side effect, and absorption. 

Conventional antifungal therapeutics are not sufficiently effective, having various problems such as 
occurrence of side effects, replacement of fungus, and resistance. 

To solve such problems, compounds having higher safety and more potent antifungal activities have 
20 been desired as antifungal therapeutics. 

BRIEF EXPLANATION OF THE DRAWINGS 
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Fig. 1 shows a. X-ray powder diffraction pattern of compound 43 hydrochloride. 
Fig. 2 shows a X-ray powder diffraction pattern of compound 43 hydrobromide, 

SUMMARY OF THE INVENTION 



This invention relates to: 
1. A compound of the formula (I): 



f k-CH-C— C— A 



wherein, R°, R 1 and R 2 are the same or different and represent a hydrogen atom or a lower aJkyl group; 
A represents a formula: 



(O)n 
-S-X-R 1 



[wherein, X stands for a chemical bond or a formula: 
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R 5 



I 

-C-X'- 

i< 

(wherein, X 1 stands for a chemical bond or an aJkylene group having 1 to 5 carbon atoms which may 
contain sulfur or oxygen atom as the constituent atoms, R 5 and R 6 are the same or different and stand 
70 for a hydrogen atom or a lower alkyl group). R 3 stands for an aromatic heterocyclic group which may be 
substituted, n denotes 0, 1 or 2], or a formula: 
-S-R 4 

(wherein, R 4 stands for a hydrogen atom or an aikanoyl group), provided that R° or R 1 is a lower alkyl 
group when X or X in A is a chemical bond or A stands for a formula; 
75 -S-R* 

(wherein, R* is the same as defined above), or a salt and especially a physiologically acceptable salt 
thereof. 

2. A method for producing a compound of the formula (I). 

3. Antifungal agents containing a compound of the formula (I). 

20 

DETAILED DESCRIPTION OF THE INVENTION 
25 This invention provides a compounds of a formula (I): 



m R ' OH R l 
^ v I I I 
( N-C H-C C— A 




wherein, R°, R 1 and R 2 are the same or different and represent a hydrogen atom or a lower alkyl group; A 
represents a formula: 

(0)n 
t 

-S-X-R 3 

[wherein. X stands for chemical bond or a formula: 



R 5 



I 

-C-X' 



(wherein, X stands for chemical bond or an alkylene group having 1 to 5 carbon atoms which may contain 
sulfur or oxygen atom as the constituent atoms, R 5 and R 6 are the same or different and stand for a 
hydrogen atom or a lower alkyl group), R 3 stands for an aromatic heterocyclic group which may be 
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substituted, n denotes 0. 1 or 2], or A represents a formula 
-S-R 4 

(wherein, R 4 stands for a hydrogen atom or an alkanoyl group), provided that R° or R 1 is lower alkyl group 
when X or X in A is chemical bond or A stands for a formula: 

-SrR 4 

(wherein, R 4 is the same as defined above), or a salt thereof. 

2. A method for producing a compound of the formula (I). 

3. AntHugal agents containing a compound of the formula (I). 

The compounds of this invention can also be represented by the general formula: 



f 



\r R° OH R l (0)n 
\ I I If 



N-CH-C C— S — X — R 3 (I') 

R 1 




wherein R°, R 1 , R 2 , R 3 . X and n are the same as defined above, and the general formula: 

r ? H r 

I N-CH-C C S R 4 (I") 




R 



as wherein R°. R 1 , R 2 and R 4 are the same as defined above. 

In the compounds (I), the lower alkyl groups represented by R°. R 1 or R 2 include straight chain or 
branched Ci - 3 alkyl groups such as methyl, ethyl, propyl, and isopropyl or lower aikylene groups compris- 
ing conbination of R 1 and R 2 (e.g. ethylene, propylene) and the compounds having a methyl group as R 1 
and a hydrogen atom as R° and R 2 in the formula (I) are desirable. 

40 in the compounds (I), when X in A represented by the formula 

R 5 
I 

-C-X' - 
R 

desirable example for hydrogen atom or lower alkyl groups (e.g. methyl, ethyl, propyl) represented by R 5 or 
so R 6 is hydrogen atom or methyl, desirable examples for the aikylene group represented by X which contain 
1 to 5 carbon atoms and may contain sulfur or oxygen atoms as the constituent atoms include 
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CI!, CH, 

CH,. CINCH,. CH , C . CHCN.Cn.. 

CH, Cll, 

CH, 

CH.CIICH,. CH.CIUCII.Cll.. Cn.CH.CH.CH.CH,, 



20 



CH,S. CH.SCH,. Cil,SCII,S. CH.SCH.GH,. 
CH,SCH,CH,S. CH.SCIUCH.CH.. CH.CH.S. 
CH.CH.SCH,, CIltCIUSCH.S. CI1,CH,SCH,CH, , 
CH, 

CH.CHSCH,. CII,CH,CH,S. CH.CH.CH.SCH, , 

CH.CIICH, S-. 
2s CH, 

CH.OCll.CH.S. CH.SCII.CH.O. CH.OCH.CH.O. 

30 CH,OCH,C!I,, CH.OCH.CH.CH,. CH,CH,C!l,0 

' When X is an alkylene group containing sulfur atoms as the constituent atoms, the said sulfur atoms may 
be oxidized to form sulfoxide or sulfone. When these groups which have chemical bonds at both the sides 
33 have sulfur or oxygene atom at the end, these atoms connect R 3 . 
In the compounds (I), when A represents 

(0)n 

-S-X-R 5 , 

the aromatic heterocyclic group represented by R 3 which may be substituted may be condensed with a 5- 
to 7-membered ring; the said condensed aromatic heterocyclic groups are exemplified by 1-benzimidazolyl, 
2-benzimidazolyl, 5H-6.7-dihydropyrrolo[1^aIimida2ol-2-yl. SH-ej-dihydropyrrolotl^-cIimidazol-a-yl, 2- 

* imidazo[1,2-a]pyrirnidinyl, 5 l 6 f 7 f 8-tetrahydroimidazo(1^-a]pyrldin-2-yl, 2-imldazo[1 ,2-a]pyridinyl, 3-imidazo 
{1 ,5-a]pyrazinyl, 2-imidazo[1 ,2-a]pyrazinyl, 6-imidazot1 ,2-b]pyridazinyt, 2-imidazo[1 ,2-bJpyridazinyl. 3- 
imidazotl^-bjpyridazinyl, 5-imidazo[1.5-a]pyridinyl, 6-imidazo[1 ,5-a]pyridinyl, 3-imidazo[1,5-a]pyrimidinyl, 7- 
imidazo[1 t 5-b]pyridazinyl. 2-ben2othiazolyl, 4 t 5 t 6,7-tetrahydrobenzothiazol-2-yl, 4H-5.6-dihydrocyclopenta- 
(dpazol-2-yl, 4H-5.6 i 7,8-tetrahydrocyclohepta[d]thia2ol-2-yl l quinolyl, isoquinolyl, quinazoiinyl, indolizinyl, 

50 and indolyl. 

Non-condensed heterocyclic groups in the aromatic heterocyclic group represented by R 3 which may 
be substituted include 1-imidazolyl. 2-imidazolyl, 4-imidazoiyl, 5-imidazolyl. l-(1H)-l,2,4-tria20lyl, 3-(4H> 
1.2,4-triazolyl. 3-(1HH.2.4~triazolyl. 5-(1 H)-1 ,2.4-triazolyl, 4-(4H>-1 ^,4-triazolyl. 1 ,2,3-triazolyl, 1-pyrazolyl, 3- 
pyrazolyl. 4-pyrazolyl. 4-pyridyl, 2-pyridyl, 3-pyridyl. 2-thlazolyl, 4-thiazolyl. 5-thiazolyl. 1 ,2.4-thiadiazol-3-yl. 
55 1,2,4- thiadiazol-5-yl, 1 ,3.4-thladiazol-2-yl. 2-thienyl, 2-furyl ( 1-pyrrolyl, 2-pyrazinyl. 3-pyrimizinyt t 2- 
pyrimidlnyl, 4-pyrimidlnyl, 5-pyrimidinyl, 3-isoxazolyl, 2-oxazoiyl, 4-oxazolyl, 5-oxazolyl, 1-tetrazolyl, 5- 
tetrazolyl and 2-oxo-l.3-dioxol-4-yl. 

The substltuents which the condensed or non-condensed aromatic heterocyclic group may have include 
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amino, hydroxy, halogen atoms, alkyl, alkenyl, aryl, aralkyl, halogenated alkyl, alkylthio groups, cycloaJkyl 
groups and cyclo alkylalkyl groups; the said halogen atoms include fluorine, chlorine, bromine and iodine 
atoms. 

The said alkyl group is desirably those having 1 to 4 carbon atoms each, including straight chain or 
5 branched alkyl group such as methyl, ethyl, n-propyl. isopropyl, butyl, isobutyl, sec-butyl, and tert-butyi. 

The said alkenyl group includes those having 2 to 4 carbon atoms each, being exemplified by vinyl., 
allyl. and 1 ,3-butadieny!. 

The said aryl group includes phenyl and naphthyL 
The said aralkyl group includes benzyl, phenethyl. and phenylpropyL 
10 The said halogenated alkyl group includes aJkyl groups having 1 to 4 carbon atoms each substituted 
with 1 to 5 halogen atoms, being exemplified by fluoromethyl, difluoromethyl. trifluoromethyl, fluoroethyl. 
difluoroethyl. trifluoroethyl. difluoropropyl and tetrafluoropropyl. 

The said aJkylthio group includes those having 1 to 4 carbon atoms each, being exemplified by 
methylthio. ethylthio. propytthio. and butylthio; the sulfur atom in the said alkylthio groups may be oxidized 
* 75 to form sulfoxide or sulfone. 

The said cycloalkyl group includes those having 3 to 6 carbon atoms each, being examplified 
cyclopropyl, cyclobutyl, cyclopentyl. cyclohexyl. 

The said cycloalkylalkyl group includes alkyl groups having 1 to 4 carbon atoms each substituted with 
cycloalkyl groups having 3 to 6 carbon atoms each, being exemplified cyclopropytmethyl, cyclobutylmethyl, 
20 cyclopentylmethyl. cyclohexylrnethyl, cyclopropylethyl, cyclopropylbutyl. 

In the compounds (I), when A represented -S-R 4 , the alkanoyl group represented by R 4 include the acyl 
groups derived from carboxylic acids, being exemplified by C2-salkanoyl group such as propionyl. butyryl, 
isobutyryl, and valeryl, acetyl, and aryl-Ci - 3 alkanoyl group such as phenylacetyl and phenylpropionyl. The 
said acyl group is desirably those which can be hydrolyzed in the body. 
25 In the compounds (I), wherein A represents -S-R 4 . carbon asymmetric center which connects with 
hydroxyl group desirably has R-configuration. 

The compounds of this invention are in concrete disclosed in Tables 1, 2, 3-1 and 3-2. 
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Each of the compounds (I) of this invention has one or more asymmetric carbon atoms, and 
stereoisomers of R configuration and of S configuration and the mixture thereof are all included in this 
invention. The compounds having a methyl group as R* and a hydrogen atom as R 2 of which absolute, 
configuration is R configuration are desirable. * 

The compounds (I) are obtained also in the form of salts, and specifically pharmacologically acceptable 
salts. The said salts include inorganic acid salts such as hydrochlorides, hydrobromides, sulfates, nitrates, 
and phosphates, and organic acid salts such as acetates, tartrates, citrates, fumarates, maleates. toluenesul- 
fonates, and methanesulfbnates. 

When n is 0 in the formula (l') of this invention, such compounds can be produced by, for example, the 
reaction of a compound represented by the formula: 



45 




(II) 



F 



wherein the symbols are the same as defined above, and a compound represented by the general formula: 
HS-X-R 3 (III) 

wherein the symbols are the same as defined above. The reaction is usually allowed to proceed in the 
presence of water or an organic solvent (e.g. acetonitrile. dimethylformamide, dimethyisulfoxide, 
tetrahydrofuran, methyl alcohol, ethyl alcohol, which are used separately or in combination) or without any 
solvent at -20 to +150* C. A base such as potassium carbonate, potassium hydroxide, sodium hydroxide, 
sodium hydride, sodium methylate. sodium ethylate, or tetrabutylammonium fluoride may be added to the 
reaction system to accelerate the reaction. 
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10 



75 



30 



35 



40 



46 



SO 



When n is 0 in the formula (I ) of this invention, such compounds can also be produced by, for 
example, the reaction of a compound represented by the formula: 



^ R° HO 



I NCH — C C-SH (V) 

^/ | | 




wherein the symbols are the same as defined above, and a compound represented by the general formula: 
W-X-R 3 (VI) 

wherein X and IJ 3 are the same as defined above, and W is a halogen atom or a group represented by the 
2Q formula: R 3 '-S02-O (wherein R 3 ' is a lower(Ci-i) alky!, trrfluorornethyl, phenyl, or p-tolyl). The reaction is 
usually allowed to proceed in the presence of water or an organic solvent (eg. acetonitrile, dioxane, 
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, methyl alcohol, ethyl alcohol, which are used sepa- 
rately or in combination) or without any solvent, at -20 to + 1 50 " C. A base such as potassium carbonate, 
potassium hydroxide, sodium hydroxide, sodium hydride, sodium methylate. sodium ethylate, or 
25 tetrabutylammonium fluoride may be added to the reaction system to accelerate the reaction. 

When R 4 is an alkanoyl group in the formula (I ) of this invention, such compounds can be produced 
by, for example, the reaction of a compound represented by the formula: 



M R° HO R 1 
l j5s: ^ / NCH — C — C-SH CV) 




wherein the symbols are the same as defined above, and a compound represented by the formula: 
R 4 '-w' /VII) 

wherein R 4 ' is an alkanoyl group and w' is a halogen atom or -0-R 4 * {wherein R 4 " is an acyl group). 

The reaction is usually allowed to proceed in the presence of water or an organic solvent (e.g. 
methylene chloride, chloroform, ethyl acetate, benzene, dioxane, tetrahydrofuran, which are used separately 
or in combination), at -20 to 100* C. An inorganic base such as potassium carbonate, sodium hydrogencar- 
bonate, or sodium hydroxide, or an organic base such as triethylamine, pyridine, or picoline may be added 
to the reaction system to accelerate the reaction. 

When n is 1 or 2 in the formula (f ) of this invention, such compounds can be produced by, for example, 
oxidation of a compound represented by the formula: 



55. 
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R° OH R l 



(VI) 



wherein the symbols are the same as defined above. 

The oxidation is usually allowed to proceed in the presence of water or an organic solvent (e.g. 
methylene chloride, chloroform, isopropyl alcohol, benzene, acetic acid, which are used separately or in 
combination) at -20 to 50 *C with an oxidant (e.g. m-chloroperbenzoic acid, peracetic acid, hydrogen 
peroxide, benzoyl peroxide). The amount of the oxidant equivalent to the compound (VIII) can be adjusted 
appropriately, so that the compound of which n is 1 and that of which n is 2 in the formula (I ) may. be 
obtained, separately or as a mixture. Also the reaction temperature and reaction time can be adjusted so 
that the compound of which n is 1 and that of which n is 2 in the formula (I) may be obtained separately or 
as a mixture. m-Chloroperbenozic acid is particularly desirable as the oxidant for this oxidation. 

The compound (f ) of the invention wherein R* is hydrogen may also be produced, for example, by 
subjecting a compound of the formula 



wherein R°, R 1 and R 2 have the meanings respectively defined hereinbefore; Rp is benzyl, p-methoxyben- 
zyl. p-methylbenzyl or trityl to deprotection reaction. This deprotection reaction may be conducted, for 
example, by the technique which comprises permitting an acid (e.g. hydrogen fluoride, trifluoroacetic acid, 
trifluoromethanesulfonic acid, etc.) to act on the substrate compound (XXIX) in the presence or absence of 
anisole or thioanisole, the technique which comprises permitting sodium metal to act on XXIX in liquid 
ammonia, or the technique which comprises treating the substrate compound with a heavy metal (e.g. silver 
nitrate, mercury acetate, mercury trifluoroacetate. etc.) and. then, reacting it with a mercapto compound 
(e.g. hydrogen sulfide. /5-mercaptoethanol. etc.). This deprotection reaction can generally be carried out in 
the presence or absence of an organic solvent (e.g. acetic acid, methylene chloride, chloroform, 
trifluoroacetic acid, etc.) at a temperature between about -10* C to about 60* C. 

The resulting compound (I) can be isolated from the reaction mixture by the conventional purification 
procedure such as extraction, concentration, neutralization, filtration, recrystallization. column chromatog- 
raphy and thin-layer chromatography. 

Compound (I) may occur as at least two stereoisomers. These isomers as well as mixtures thereof are 
subsumed in the concept of the invention and. if desired, can be produced individually. For example, by 
subjecting a specific isomer of starting compound (II). (III). (V). (VI). (VII). (VIII) or (XXIX) to the correspond- 
ing reaction described hereinbefore, the corresponding isomer of compound (I) can be selectively pro- 
duced. On the other hand, when the reaction product is a mixture of two or more isomers, it can be 
fractionated into respective isomers by the conventional resolution or fractionation techniques such as the 
formation of a salt with an optically active acid (e.g. camphorsulfonic acid, tartaric acid, etc.), several types 
of chromatography, fractional recrystallization and so on. 

The physiologically acceptable salt of compound (I) can be produced by adding one of the aforemen- 
tioned inorganic acids and organic acids. 
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Among the synthetic intermediate (II) to be used in the present invention, compound (IX) wherein R° 
and R 2 are hydrogen can be produced by the process illustrated in the following reaction schema. 




(xm) (xiv) 



25 
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H HO OTHP 
r^CHtC-CH-CH, 
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HO OH 
HCHiC-CHCH, 



CH 3 CH t 0H 

HO 0SO,CH, 




F 

(XVI) 



CH 3 S0,W 



F 

(xvn) 



ff*ss/ 



NCH:C-CHCH= 




HaOCH: 



I A 
CH.C-CH-CH, 



F 

(XVI) 




F 

(IX) 



The production process for compound (IX) is described in detail below. Thus, 2,4-difluorobenzene (X) is 
subjected to Friedel-Crafts reaction with propionyl chloride to give (XI) which is then treated with bromine to 
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give the bromide (XII). This compound (XII) can also be prepared by subjecting compound (X) and 2- 
bromopropionyl chloride to Friedel-Crafts reaction. The reaction (XII)-*(XW) is a hydrolysis reaction, which 
can be easily earned out in the presence of sodium formate in methanol. Subjecting compound (XJJI) to the 
usual tetrahydropyranylation reaction gives compound (XIV). When this compound (XIV) is reacted with 

5 trimethylsulfoxonium iodide in the presence of sodium hydride, a compound (XV), wherein THP is 2-{2H)- 
3,4,5,6-tetrahydropyranyl, is obtained. The reaction (XV)—(XVI) is an epoxy ring-opening reaction by the 
triazole sodium salt formed from triazoie and sodium hydride and can be easily accomplished in 
dimethylformamide at 60-90* C. When pyridinium p-toluenesulfonate is permitted to act on compound (XVI) 
in ethanol, the deprotection reaction proceeds, giving rise to compound (XVII). This compound (XVII) is 

70 reacted with methanesulfonyl chloride to give compound {XVIII), which is then treated with a base (e.g. 
sodium methoxide) to give compound (IX). 

In this method of synthesis, (XVJl), (XVIII) and (IX) are obtained as mixtures of two diastereomers. If 
desired. (XVII), (XVIII) and (IX) may each be fractionated into the component diastereomers by fractional 
recrystallization, chromatograhy or the like or the precusor compounds (XV) and (XVI) may each be 

75 fractionated by fractional recrystallization, chromatography or the like before subjecting to the correspond- 
ing reaction to ultimately give diastereomers of (XVII), (XVIII) and (IX). Moreover, a diastereomer of (XVIII) or 
(IX) may be produced by using the corresponding diastereomer of (XVII) or (XVIII). 

It is also possible to use an optically active (RHactic acid ester [(R)-(XIX)] or (SHactic acid ester [(S)- 
(XIX)] as the starting material to synthesize the corresponding optically active (XIV) [(R)-(XIV) or (S)-(XIV)} 

20 according to the reaction schema illustrated below and, then, reacting the same according to the reaction 
schema given hereinbefore, followed by separation of diastereomers, if desired, to give optionally active 

(XVII) [(2R, 3RMXVH), (2R. 3S)-(XVII). (2S, 3SHXVII), <2S. 3RMXVII)], (XVIII) [(2R. 3R)-(XVill), (2R, 3S)- 

(XVIII) , (2S. 3SMXVIII), 2S, 3RMXVIH)] and (IX) [(2R, 3RHIX). (2R, 3SMIX), (2S. 3S)-(IX). (2S. 3R)-{IX)]. 

» CH 3 -CH-C00R ' 

(R)-(XX) 
(S)-(XX) 



.HO 

CH 3 -CH-C00R 

■ 

(R)-(XK) 
(S)-(XE) 



35 
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-> CH.-CH-COOH 
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CH,-CH-C0N 

• (R)-(XXI) 
(S)-(XX5) 



i — \ 
HH 0 



o o- 
II 

C-CHCH, 



"0' 



(R)-(XBT) 
(S)-(XF) 



wherein the substituent R is a Ci alkyl group. 

Reacting the (Rhlactic acid ester (R)-(XIX) with (2H)-3,4-dihydropyran in the presence of p-toiuenesui- 
fonic acid gives compound (R)-(XX). This reaction is conducted in a solvent, such as methylene chloride, 
chloroform, etc.; generally in the temperature range of about -10* to about 30 *C. The reaction <R)-(XX)— - 
(R)-(XXI) is an ordinary hydrolysis reaction, which proceeds readily in the presence of a base (e.g. sodium 
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hydroxide, potassium hydroxide, etc.) in water or an organic solvent (e.g. methanol, ethanol, etc.), or a 
mixture thereof at a temperature in the range of about G* to about 40* C. The condensation reaction 
between the resulting compound (RHXXI) and morpholine can be advantageously carried out generally in 
the presence of the known dehydrative condensing agent to give compound (RMXXII). The dehydrative 
condensing agent to be used in this reaction includes, for example, dicyclohexylcarbodiimide, carbonyl- 
diimidazole, diethyl cyanophosphate and so on. The solvent may for example be tetrahydrofuran, dioxane or 
acetonitrile. This reaction is generally carried out at a temperature of -10 # C to 40 C. The reaction (R)- 
(XXII)-*(R)-(XIV) is a Grignard reaction and can be carried out by reacting compound (R)-(XXH) w»th 2,4- 
difluorophenylmagnesium bromide prepared from 2,4-difluorobromobenzene and magnesium metal, in an 
organic solvent (e.g. tetrahydrofuran, ethyl ether, etc.) at a temperature of about -10 to about 40 C. In lieu 
of the morphotino group, the amide compound (R)-(XXI1) used in this Grignard reaction may have a different 
cyclic amino group (e.g. 1-pyrrolidinyl, piperidino, etc.) or a secondary amino group (e.g. dimethylammo, 
diethylamino, dibutylamino, etc.). and these amides can be synthesized by condensation of the correspond- 
ing amines with (R)-(XXI). Furthermore, reacting (S>lactic acid ester (S)-(XIX) in the same manner as above 
is t(S)KXIx>-(Sh(XX)-(S)-(XXIMS>-p<XH)-(S)-{XlV)l gives compound (S)-(XIV). 

In the synthesis of the optically active compound according to the invention, the optically active 
intermediate (XXII) can also be synthesized in accordance with the following reaction schema. 
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35 wherein the substituent R has the same meaning as defined hereinbefore. The conversion reaction of (R)- 
lactic acid ester (R)-(XIX) to amide (RHXXIII) can be advantageously conducted by heating compound (R)- 
(XIX) and morpholine in the presence or absence of a solvent (e.g. benzene, toluene, etc.) at a temperature 
of 60-100* C. The reaction of compound (RJ-(XXIH)-compound (RMXXII) can be conducted in the same 
manner as the reaction of (RHXlX)-(R)-(XX). In the above reaction schema, the use of a cyclic amine other 

40 than morpholine (e.g. pyrrolidine, piperidine, etc.) or a secondary amine (e.g. dimethylamine, diethylamine, 
dibutylamine, etc.) in lieu of morpholine under otherwise the same conditions gives a compound wherein 
the morpholino group has been replaced by the corresponding cyclic amino group or secondary amino 
group, and such compounds can be used, just as (RMXXII), in the Grignard reaction with 2.4- 
difluorophenylmagnesium bromide. Furthermore, subjecting (SHactic acid ester (SHX1X) to the same 

46 reaction as above gives compound (SMXXII) in the manner of [(S)-p<IX)-(S)-(XXIll)-(SHXXH)]. 

The optically active intermediate (RHXIV) can also be syntherized using (RHactic acid derivative (By 
(XXIV) as the starting material in accordance with the following reaction schema 
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The use of the corresponding diastereomers of (XVII), PCVIII) and (IX) or the optically active forms of 
(XVII), (XVMI) and (IX) obtained in the above manner as intermediates give the corresponding diastereomer 
of compound (I) or the optically active form of compound (I) as the case may be. 
25 Referring to the synthetic intermediate (II) of the invention, compound (XXVI) wherein fl° is methyl and 
R 1 and R 2 are hydrogen can be produced by the process illustrated in the following reaction schema, for 
instance. 

30 } OH o ^>S0,CH 3 
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The synthetic intermediates (XXIX) of the invention can for example be produced by the process 
illustrated below. 
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wherein all the symbols have the meanings respectively defined hereinbefore. 

Among the synthetic intermediates (XXIX) of the invention, compound (XXX) wherein R° is hydrogen 
and R 1 and R 2 jointly represent an ethylene group can for example be produced by the process illustrated 
in the following reaction formula. 
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wherein aH the symbols have the meanings defined hereinbefore. 

When R* is a hydrogen atom in the formula (I ) of this invention, such compounds can be produced by, 
so for example, the reaction of a compound represented by the formula: 
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wherein R 7 , R 8 , R 9 , R 10 and R" are the same or different, being respectively a hydrogen atom or a 
hydrocarbon residue which may be substituted, and Az is triazolyl or imidazolyl, and a compound 
represented by the formula: 

2 

HS-CH 2 -CH ( < IV) 



10 wherein at least one of Z and Y is a cyano group or a carboxyl group which may be esterified or amidated, 
and the other is a hydrogen atom, a lower alkyl group, or an amino group which may be acylated. 

The reaction can be performed in one process, the reagents used are inexpensive and can be handled 
easily, and the desired compounds represented by the general formula (l") can be produced in a large 
amount; thus the method is suitable for industrial production. 
15 The reaction between a compound represented by the general formula (XXXIV) and a compound 
represented by the general formula (IV) is desirably performed in the presence of a base; the base may be 
inorganic or organic, being exemplified by sodium hydroxide, potassium hydroxide, sodium carbonate, 
potassium carbonate, sodium hydrogencarbonate,. potassium hydrogencarbonate, sodium methylate, so- 
dium ethylate, potassium methylate, potassium ethylate, potassium tert-butylate, sodium hydride, potassium 
20 hydride, butyllithium, lithium diisopropylamide, triethylamine, N-methylmorpholine, dimethylaminopyridine, 
lutidine, tetrabutylammonium fluoride, tetrabutyiammonium hydroxide, N-benzyltrimethylammonim hydrox- 
ide. I.S-diazabicyclopAOlunde-y-cene, 1,5-diazabicyclo[4,3,0]non-5-ene, and 1,4-diazabi cyclo[2,2,2h 
octane, among which sodium hydride and sodium methylate are desirable. . 

Triazoles represented by Az in the formulas (XXXIV) described above include 1 ,2,4-triazole. 
25 The hydrocarbon residues represented by R 7 , R 8 , R*. R 10 , and R 11 in the formulas (XXXIV) described 
above which may be substituted include alkyl, cycioalkyl, alkenyl, and aryl groups. 

The said alkyl groups include those having 1 to 12 carbon atoms each, such as methyl, ethyl, propyl, 
butyl, heptyl. octyl. nonyl. decyl, and dodecyl, and may be straight chain or branched. 

The said cycioalkyl groups include those having 3 to 7 carbon atoms each, such as cyclopropyl. 
cyclobutyl, cyclopentyl. cyclohexyl. and cycloheptyl. 

The said alkenyl groups include those having £ to 6 carbon atoms each, such as ally I. vinyl. 1.3- 
butadienyl, isoprenyl, and 2,4-pentadienyl. 

The said aryl groups include phenyl, naphthyl. biphenyl, anthryl, and indenyl. 

The substituents which the abovermentioned hydrocarbon residues may have include hydroxyl group, 
35 carboxyl groups which may be esterified (e.g. carboxy. ethoxycarbonyl. methoxycarbonyl. butoxycarbonyl). 
amino groups, acylamino groups (e.g. acetylamino. propionylamino, butyrylamino), alkylamino (e.g. 
methylamino, dimethylamino, diethylamino, dibutylamino), alkoxy groups (e . g. methoxy, ethoxy, butoxy), 
halogen atoms (e.g. fluoro, chloro, bromo), oxo, thio, mercapto, alkylthio (e.g. methylthio. ethylthio, 
butylthio). and cyano, and in addition, the alkyl, cycioalkyl. alkenyl, and aryl groups described above. The 
40 above-mentioned hydrocarbon residues may have 1 to 3 substituents which may be the same or different. 
The lQwer(Ci-*) alkyl groups represented by X or Y in the formula (IV) described above include methyl, 
ethyl, propyl, butyl, isopropyl, and tert-butyl. The amino groups represented by Z or Y which may be 
acylated include acetylamino, benzoylamino, tosyiamino, and mesylamino. 

The carboxy groups represented by Z or Y in the formula (IV) which may be esterified or amidated 
^ include carboxy, methoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl, butoxycarbonyl, carbamoyl, 
dimethylaminocarbonyl. diethylaminccarbonyl, morphoiinocarbonyl. piperidinocarbonyl, and 1-pyrrolidinyl- 
carbonyl. 

Each of the mercapto compounds represented by the general formula (V) have one or more asymmet- 
ric carbon atoms and thus two or more stereoisomers. The present invention relates to the method for 
production of all of the stereoisomers. 

The method for production of this invention can be put into practice for example as follows:- 
To an appropriate solvent (e.g. methanol, ethanol, isopropyl alcohol, dimethylformamide, dimethylsulfox- 
ide, acetone, toluene, benzene, ethyl acetate, dioxane, tetrahydrofuran. and water, which may be used 
separately or in combination) is added a compound represented by the general formula (XXXIV), and then 
55 one or more equivalents, desirably 2 to 10 equivalents, of an above-mentioned base relative to the amount 
of the compound (XXXIV). Then one or more equivalents, desirably 2 to 20 equivalents, of a compound 
represented by the general formula (IV) relative to the amount of the compound (XXXIV) is added. The 
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resultant mixture Is kept at -30 to 100*C (desirably 0 to 80 *C) so that the reaction may proceed. After 
completion of the reaction, a compound represented by the general formula (IX) is obtained by a per se 
known method for isolation (concentration, neutralization, extraction, re-crystallization, filtration, various 
chromatographic methods). 

5 The most desirable starting compound (IV) used in the method for production of this invention is the 
compound having methoxycarbonyl as Z and a hydrogen atom as Y (3-mercaptopropionic acid methyl 
ester) *• ' 

The desirable starting compounds (XXXIV) are those having 1 ,2,4-triazolyl as Az, hydrogen atoms or 
lower alkyl groups as R 7 , R 8 , R 3 , and R 10 , and a substituted aryl group as R". among which the compound 
to having hydrogen atoms as R 7 . R 8 , R 9 . methyl as R'°, and 2.4-difluorophenyl as R 11 is especiaJly desirable. 

Among the starting compounds (XXXIV) the compounds (IX) having 1 ,2,4-triazolyl as Az, hydrogen 
atoms as R 7 , R 8 , and R 9 . methyl as R 10 . and 2.4-difiuorophenyl as R 11 can be synthesized according to, for 
example, above-mentioned reaction schemes. 



The antifungal activities of the compounds (I) were evaJuated by the following method: a sheet of filter 
paper disc (manufactured by Toyo Seisakusho. 8 mm in diameter) soaked in a 1000 ug/ml solution of a 
20 compound (I) in methanol was placed on an agar plate, which was incubated at 28* C for 2 days, and the 
diameter of the growth inhibition zone around the filter paper disc was measured. The following culture 
media were used: 

A: yeast nitrogen base agar medium 
B: yeast nitrogen base agar medium (pH 7.0) 
25 C: Sabouraud agar medium 

The antifungal spectra of the compounds (I) are shown in Table 4. 
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Effects 



Table 4. 
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Antifungal spectra 



Test fungi 



Media 



Inhibition zone diameter 
(mm) 



35 



Compound Compound 
12 15 



40 



Candida albicans IFO 0583 
Candida albicans (Ca-O) iFO 0583 
Aspergillus niger IFO 4066 
Aspergillus fumigatus IFO 6344 
Penicillium chrysogenum IFO 4626 
Trichophyton rubrum IFO 6467 
Trichophyton mentagrophytes IFO 7522 
Microsporum gypseum IFO 6075 



A 
A 
A 
A 
A 
C 
C 
C 



42 
41 
20 
38 
15 
35 
32 
35 



34 
32 
29 
30 
23 
60 
50 
45 



Tables 5 and 6 show the antifungal activities of the compounds (I) against Candida albicans. 
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Tables 



Compound 
No. 


Inhibition zone diameter (mm) Candida albicans 
(IFO 0538) (A medium, 28* C, 2 days incubation) 


2 


18 


3 


13 


7 


18 


8 


25 
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10 
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11 


24 


13 


34 


14 


22 
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Table. 6 



Compound No. 



Inhibition zone diameter (mm) 

Candida albicans (IFO 0538) 

(B medium, 28 °C, 2 days incubation) 



2 
11 

13 f hydrochloride ) 

15. 

16 

17 

11 

19 

20 

21 

22 , 

21 
24 
15 

li 
11 
28 

li 
30 
31 
11 
11 
li 

li 
li 

37 
11 
11 
40 

11 
45 

li 
11 
li 
li 

50 
5_1 
11 
11 
M 
55. 

li 
11 
li 

60. 

ii 



17 

25 

25 

25 

25 

25 

25 

30 

25 

20 

25 

25 

25 

40 

45 

45 

40 

38 

40 

40 

40 

20 

30 

33 

45 

45 

47 

18 

50 

40 

40 

27 

25 

23 

25 

22 

28 

35 

35 

25 

30 

30 

30 

30 

30 

30 



34 



EP 0 421 210 A2 



Table 6 (continued) 



Compound No. Inhibition zone diameter (mm) 

Candida albicans (IFO 0538) 
(B medium, 28°C, 2 days incubation) 



45 

33 

30 

33 

40 

35 

15 

40 

35 

35 

30 

28 

35 

35 

30 

30 

33 

34 

25 

33 

30 

30 

38 

33 

30 

35 

27 

35 

30 

35 

40 

38 

35 

28 



The infection-preventing effect of the compounds (I) evaluated in the experimental infection in mice is 
shown in Table 7-1 and Table 7-2. 

Method 1 (Table 7-1): To 5-week-old Crj:CDFi mice the minimum lethal dose of Candida albicans was 
50 inoculated intravenously. The test drug was given twice 0 and 2 hours after infection. The effectiveness of 
the drug was expressed in EDso values calculated by the Reed and Muench method from the survival rate 
7 days after infection. The ED S o values were calculated based on the total dose given on the two occasions. 

55 
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Table 7-1 



Compound No. 



ED 30 (mg/kg) 



2 

1 
10 
12 

13 ( hydrochloride ) 

II 
16 

1 6 ( hydrochloride ) 

25 
26 

27 ( hydrochloride ) 

28 

29 

30 ( hydrochloride ) 

31 

32 

33. 

11 

35 

36 

21 

38 ( hydrochloride ) 
32. 

40 
43 

45 

46 
47 
il 
49 
50 

11 
12 
11 

11 
55 
56 
11 



19 . 3 


(s.c. ) 


32 . 4 


( S . C 4 ) 


35 .4 


(s.c. ) 


2.5 


(s.c. ) 


10 


( s . c . ) 


2.5 


( s . c . ) 


0 63 


(9,C, J 


0 .71 


( S . C . ) 


0 .71 




3 2 


( s . c . ) 


3 2 


( S . C . ) 


1 2 


{ s . c . i 


u • yj -J 


(S.C. ) 




f s c . \ 
1 a • w • j 


0 88 


( s . c . ) 


0.71 


( S . C . ) 


3 . 2 


( S . C . ) 


0.45 


(S.C. ) 


3,2 


( s . c . ) 


0.71 


( S . C . ) 


3 2 


( s . c • ) 


1 4 

X • ~ 


( s . c . ) 


3 . 2 


(S.C ) 


0 19 


f 3 . C . ^ 


0.35 


(P.O. ) 


0.35 


(S.C ) 


0.18 


(s.c ) 


0.18 


(p.o. ) 


0.15 


(s.c. ) 


0.18 


(p.o. ) 


0.70 


(s.c. ) 


0.70 


(s.c.) 


0.77 


(s.c. ) 


1.0 


(S.C ) 


.3.2 


(s.c. ) 


2.0 


(s.c. ) 


2.0 


(s.c. ) 


2.0 


(s.c. ) 


0.50 


(s.c. ) 


0.50 


(s.c. ) 


2.0 


(s.c. ) 


0.50 


(s.c. ) 
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Table 7-1 (continued) 



Compound No< 



10 



75 



20 



ED 50 (nig /kg) 



59 


1 


.4 


(3 .c. ) 


60 
62 


>4 


.0 


(s.c. ) 


0 


.50 


(S.C. ) 




0 


.35 


(p. O . ) 


107 


0 


.71 


(S.C. ) 




<0 


.50 


(p.o. ) 


HP. 


0 
0 


.35 
.35 


(S.C. ) 

(p.o.) 


111 


0 


.71 


(s.c.) 


0 


.89 


(p.o. ) 


115 


>4 


.0 


(s.c.) 


ill 


>4 


.0 


(s.c.) 



s • c • • 
p.o, : 



oral administration 



Method 2 (Table 7-2): To 5-weekr-old Crj:CDFi mice the minimum lethal dose of Candida albicans was 
25 inoculated intravenously. The test drug was given just after infection. The effectiveness of the drug was 
expressed in EDso values calculated by the Reed and Muench method from the survival rate 7 days after 
infection. The EDso values were calculated based on the total dose given on the two occasions. 
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35 



40 
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Table 7-2 



25 



Compound 


ED50 (mg/kg) 


No. 




78 


0.50 (p.o.) 


99 


1 .4 (p.o.) 


107 


0.39 (p.o.) 


108 


1.4 (p.o.) 


109 


0 50 (0 0 ) 


112 


0.50 (p.o.) 


114 


0.40 (p.o.) 


"42 


>4.0 (p.o.) 


117 


>4.0 (p.o.) 


Tl8 


2.8 (p.O.) 


119 


0.18 (p.o.) 


120 


0.35 (p.o.) 


T2T 


0.50 (o.o.) 


122 


0.50 (p.o.) 


123 


0.50 (p.O.) 


124 


0.70 (p.0.) 


125 


0.50 (p.o.) 


126 


2.0 (p.o.) 


127 


2.0 (p.O.) 


128 


2.0 (p.o.) 


129 


0.50 (p.o.) 


97 


0.50 (p.o.) 


90 


0.35 (p.o.) 


91 


<0.25 (p.o.) 


130 


0.7 (p.o.) 


13! % 


0.7 (p.o.) 


p.o.: oral admisitration 



The compounds of this invention, having low toxicities and high antifungal activities with wide antifungal 
spectra as shown above, can be used for prevention and treatment of fungal infections in man, domestic 
animals and fowls. 

When the compounds are given to man, the compounds can be given safely orally or parenteraily, as 
they are or in the form of pharmaceutical compositions such as powders, granules, tablets, capsules, and 
injections produced by mixing with appropriate pharmaceutically acceptable carriers, excipients, or diluents. 
The dose may vary according to the condition of infection and the route of administration; for example the 
oral dose for treatment of Candida infection for an adutt is 0.1 to 100 mg/kg/day, desirably 1 to 50 
mg/kg/day. 

Tlie compound of this invention also can be used as an antifungal preparation for external application. 
For example, a skin or a muscosa membrane can be sterilized and disinfected by applying it as an 
ointment containing 0.1 to 100 mg, preferably 1 to 50 mg, of the compound of this invention per gram. 



sa Examples 

The following Reference Examples and Examples will illustrate the present invention in more detail. 



55 Reference Example 1 



A mixture of benzimidazole (4.72g, 40 mmol). bromochloroethane (3.4 ml. 41 mmol). potassium 
carbonate (552 g. 40 mmol) and dimethylformamide (60 ml) was stirred at room temperature for 20 hours. 
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To the reaction mixture were added ethyl acetate and water, which was extracted with ethyl acetate. The 
organic layer was washed with water and then with a saturated aqueous sodium chloride solution, followed 
by drying (anhydrous sodium sulfate). The solvent was distilled off, and the residue was subjected to a 
silica gel chromatography (3.0 x 40 cm : ethyl acetate - hexane = 2 : 1) to give 1-(2-chloroethyl)- 
5 benzimidazole (5.56 g, 38%) as a colorless oily substance. 

'H-NMR (CDCl 3 ) 5 ppm : 3.78(2H.t.J = 6Hz). 4.45<2H.t.J =6Hz), 7.19-7.40(3H,m). 7.76-7.95(1 H,m). 7.90- 

( 1H ' S ) 

To a solution of trity! mercaptan (9.7 g, 35 mmol) in ethanol (90 ml) was added, at 0 C f a sodium 
methoxide-methanol solution (28%) (7.1 ml). To the reaction mixture was added l-(2-chloroethyl)- 
to benzimidazole (6.32 g, 35 mmol), which was heated for 2 hours under reflux. Insoluble substances were 
filtered off, and the filtrate was concentrated under reduced pressure. The concentrate was subjected to a 
silica gel column chromatography (3.0 x 40 cm : ethyl acetate : hexane « 1 : 1 - 2 : 1) to give 1-<2- 
tritylthioethyl)benzimidazole (5.6 g, 38%). 

1 H-NMR (CDCi 3 ) & ppm : 2.69(2H.t.J = 6.5Hz), 3.76(2H,U = 6.5Hz), 6.90-7.90(21 H.m) 
is To a solution of 1 -(2-tritylthioethyl) benzimidazole (7.0 g, 16.6 mmol) in a mixture of methanol (50 ml) 
and chloroform (80 ml), were added pyridine (1.32 ml, 16.3 mmol) and then silver nitrate (2.9 g. 17.1 
mmol). The mixture was stirred for 3 hours at room temperature. Precipitates then separated out were 
collected and washed with methanol and than with ethyl ether to give silver salt of 1-{2-mercaptoethyl>- 
benzimidazole (4.73 g, 99%). The silver salt (4.73 g, 16.6 mmol) was suspended in dichloromethane (250 
20 ml), which was bubbled with hydrogen sulfide at 0 # C for one hour. Precipitates were filtered off, and the 
filtrate was concentrated to give 1-(2-mercaptoethyl)benzimidazole (2.35 g. 79%) as colorless powder (2.35 
g, 79%). 

'H-NMR (DMSO-d 6 -CDCl 3 ) 5 ppm : 2.25(1 HA J = 7.5Hz), 3.07(2H,q.J = 7.5Hz). 4.73(2H t t,J = 7.5Hz), 7.40- 
8.10(4H,m), 9.69(1 H.s) 

25 

Reference Example 2 

A mixture of lH-l.2,4-triazole (10.3 g), 1 ,3-oxathlolan-2-one (5.2 g) and toluene (100 ml) was heated for 
30 4 days under reflux. The solvent was distilled off under reduced pressure. To the residue was added a 
saturated aqueous sodium chloride solution (50 ml), followed by extraction four times with methylene 
chloride (50 ml). The extract solution was dried (anhydrous magnesium sulfate) and subjected to distillation 
under reduced pressure. The residue was purified by means of a silica gel column chromatography (ethyl 
acetate - ethyl acetate : acetone =* 2 : 1) to give 2-(1,2,4-triazol-1-yl)ethanethiol (2.5 g) as a colorless oily 
35 substance. 

1 H-NMR (CDC 1 3) & : 1 .35(1 H,t,J= 8.8Hz), 3.01(2H.m). 4.37(2H,t,J =6.6Hz>, 7.99(1H,s), ai8(1H,s) 



Reference Example 3 

40 

To imidazole (2.16 g, 32 mmol) was added methanesulfonic acid (1.03 ml, 16 mmol), which was stirred 
for 5 minutes at room temperature. To the reaction mixture was added ethylene sulfide (1.04 ml. 18 mmol). 
which was stirred for 17 hours at 55 *C. The reaction mixture was subjected to a silica gel column 
chromatography (3.0 x 30 cm : ethyl acetate : methanol =* 10 : 1) to afford 2-(1-imidazolyl)ethanethiol (0.85 
45 g, 38%) as a pale yellow oily substance. 

1 H-NMR (CDC 1 3) S ppm : 1 .75(1 H.t,J =* 8Hz). 2.84<2H.U = 7.5Hz), 4.13(2H.t.J =7.5Hz), 7.10(2H,s), 7.51(1H.s) 



Reference Example 4 

50 

A mixture of imidazole (13.6 g, 0.2 mol), bromochloroethane (16.6 ml. Q.2 mol). potassium carbonate 
(0.2 mol) and dimethylformamide (100 ml) was stirred for 20 hours at room temperature. Insoluble 
substances were filtered off, and the filtrate was concentrated under reduced pressure to give 1«(2- 
chloroethyl)imidazole as a pale yellow liquid substance, 
ss 'H-NMR (CDCl 3 ) 5 ppm : 3.76(2H.U=*6Hz), 4.29(2H,t,J =6Hz), 7.01(1H,s). 7.07(1H,s), 7.57(1H >S ) 

In ethanol (30 mt) was dissolved 1-(2-chloroethyl)imidazole, to which were 1^-ethanedithiol (25 ml) 
and sodium methoxide (28% methanol solution) (16.6 ml), and the mixture was heated for 30 minutes 
under reflux. Insoluble substances were filtered off, and the filtrate was concentrated under reduced 
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pressure. To the concentrate was added dichloromethane (300 ml). The organic layer was washed with 
water, then with a saturated aqueous sodium chloride solution, followed by drying (sodium sulfate). The 
solvent was distilled off, and the- residue was subjected to a silica gel column chromatography (3.0 x 40 cm 
: ethyl acetate - ethyl acetate : methanol = 10: 1) to give 2-[2-(1-imidazolyl)ethyrthio]ethanethlol (3.0 g) as 
s a pale yellow oily substance. 

1 H-NMR (CDCta) 5 ppm : 1.70(1H,t,J = 7.8Hz). 2.S5-2.70(4H,m), 2.89(2H,t.J = 6.8Hz), 4.15<2H,t,J = 6.8Hz), 
6.97(1 H,s), 7.08(1 H,s), 7.55(1 H.s) . 



w Reference Example 5 

To ethanol (100 ml) containing ethanedithiol (5.0 ml) and a 28% sodium methylate methanol solution 
(11.5 g) was added 2-chloromethyM -methyl imidazole hydrochloride (2.0 g). The mixture was stirred for 15 
minutes. Ethanol was distilled off . under reduced pressure. The residue was neutralized with 5N aqueous 
rs solution of hydrochloric acid (9.5 ml), which was subjected to distillation under reduced pressure. The 
residue was subjected to a silica gel chromatography (3.5 x 15 cm), followed by elution with methanol-ethy! 
acetate (5:95). The object fraction was concentrated to afford 2-<1-methyl-2-imidazolylthio)ethanethiol (1.4 g) 
as a colorless oily substance. 

1 H-NMR (CDCt 3 ) 5 : 1.62(1 H.U = 7.8Hz), 2.55-2.80(4H,m). 3.69(3H.s), 3.81(2H,s). 6.87(1 H.d. J = 1 .4Hz), 6.91- 
20 (1H,d.J = 1.4Hz) 



Reference Example 6 

25 To an acetone (40 ml) solution containing 2-mercapto-1-methylimidazole (4.0 g) and anhydrous 
potassium carbonate (20 g) was added dropwise. under ice-cooling, 1-bromo-2-chloroethane (5.0 ml). The 
mixture was stirred for 2 hours at room temperature, to which was added methylene chloride (40 ml), 
followed by filtration. The filtrate was concentrated under reduced pressure to give 2-(2-chloroethyl thioH- 
methylimidazole (6.2 g) as a colorless oily substance. 

30. 1 H-NMR (CDCta) 5 : 3.35(2H.t.J = 7.0Hz), 3.63(3H,s). 3.75(2H,t.J = 7.0Hz). 6.94(1 H,d,J = 1.2Hz), 7.05- 
(1H,d,J = 1.2Hz) ' 



Reference Example 7 

ss 

In dimethylformamide (100 mi) were dissolved 1H-1Z4-triazole (13.8 g) and l-bromo-2-chloroethane 
(28.7 g). To the solution was added potassium carbonate (27.6 g). and the mixture was stirred for 4 days. 
The solvent was distilled off under reduced pressure. To the residue was added dichloromethane (100 mt). 
Insoluble substances were filtered off, and the filtrate was concentrated to give 1-(2-chloroethyl)-1H-1 I 2 f 4- 
40 triazole (23.3 g). 

'H-NMR (200MHz, CDCla) 5 : 3.9Q(2H,t,J = 5.7Hz), 4.51(2H.t.J = 5.7Hz), 7.99(1 H.s). 8.17(1H,s) 

This chloroethyl compound (2.8 g) and 1,2-ethanedithiol(4.2 g) were dissolved in ethanol (30 mt), to 
which was added a 28% sodium methylate-methanol solution (3.6 ml), and the mixture was heated for 30 
minutes under reflux. The solvent was distilled off under reduced pressure. The residue was purified by 
45 means of a silica gel chromatography (eluent : ethyl acetate) to give 2H2-(1H-1,2.4-triazoM-yl)ethylthioh 
ethanethiol (2.03 g) as a colorless oily substance. 

1 H-NMR (CDC! 3 ) 5 : 1 .67(1 H.'t.SH), 2.62(4H t m), 3.02(2H,t, J = 6.5Hz), 4.36(2H.t.J = 6.5Hz). 7.97(1H,s). 8.14- 
0H.S) 

so 

Reference Example 8 

To a dimethylformamide (160 mt) solution of 2-(2,4-difluorophenyl)-2-(1H-1,2.4-triazol-l-yl-methyl)- 
oxirane (8.0 g) and methyl ester of 3-mercaptopropionic acid was added, under ice-cooling, 60% sodium 
55 hydride (4.0 g). The mixture was stirred for 15 minutes, to which was added dropwise a 1N aqueous 
solution of hydrochloric acid (101 mt) to adjust the pH to 7, followed by distilling off dimethylformamide 
and water. To the residue was added water (20 ml), which was extracted with ethyl acetate (50 mt x 3). 
The extract was washed with a saturated aqueous sodium chloride solution, then dried over anhydrous 
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sodium sulfate, followed by distilling off the solvent. The residue was subjected to a silica gel chromatog- 
raphy (6.0 x 9.0 cm), followed by elution with ethyl acetate-hexane (3 : 1). The object fraction was 
concentrated, to which was added diethyl ether to afford 2-(2,4-difluorophenyl)-3-mercapto-1 -(1 H-1 ,2,4- 
triazol-1-yl)propan-2-ol (6.44 g) as colorless needles, m.p. 112-113* C 



Elemental Analysis for Cn Hi t F 2 N 3 OS: 


Calcd. : 
Found: 


C, 48.70; 
C, 48.96; 


H. 4.09; 
H, 4.11; 


N, 15.49 
N, 15.62 



>H-NMR (CDCla) 5 : 1 .37(1 H,d,d,J = 6.8OH2. 10.8Hz), 2.84(1 H.d.d.J =*10.8Hz, 13.8Hz), 3.27- 
{1H,d,d,J = 6.80Hz. 13.8Hz), 4.53(1 H.s), 4.72(2H,s) t 6.74~6.88(2H,m>, 7.42-7.55(1 H,m), 7.83(1 H,s), 8.00- 
(1H,s) 



Reference Example .9 

To an acetone (50 ml) solution containing 2-mercapto-1-methyltetrazole (4.0 g) and anhydrous 
potassium carbonate (20 g) was added 1 -bromo-2-chloroethane (5.0 ml) under ice-cooling. The mixture 
was stirred for 90 minutes at room temperature, to which was added methylene chloride (50 ml). The 
mixture was subjected to filtration, and the filtrate was concentrated under reduced pressure to afford 2- 
(chloroethylthib)-1-methyltetrazole (6.0 g) as a pale yellow oily substance. 
1 H-NMR (COCl 3 ) 5 : 3.69(2H.t.J =6.8Hz). 3.92(2H,t.J = 6.8Hz), 3.96(3H.s) 



Reference Example 10 

A methanol (2.0 ml) solution containing (2RS,3RS)-2-(2 l 4-difluorophenyi)-3-methyl-2-(1H-1,2,4-triazol-1- 
ylmethyl oxirane (0.05 g), methyl 3-mercaptopropionate (0.11 ml) and a 28% sodium methylate-methanol 
solution (0.14 ml) was refluxed for 1.0 hour. The reaction mixture was cooled, to which was added water 
(10 ml). The mixture was neutralized with 1N aqueous solution of hydrochloric acid, followed by extraction 
with methylene chloride (5.0 mix twice). The extract solution was dried over anhydrous sodium sulfate, 
then the solevnt was distilled off. The residue was subjected to a silica gel chromatography (2.5 cm x 5 
cm), followed by elution with ethyl acetate-hexane (1 : 2). The object fraction was concentrated, to which 
was added ethyl acetate to give (2RS,3RS)-2-{2 l 4-difluorophenyl)-3-mercapto-1-[(1H)-1,2.4-triazol-1-yl>2- 
butano) (0.030 g) as colorless needles. 

'H-NMR (CDCI3) « : 1.17(3H,d,J = 7.0Hz), 1. 96(1 H ,d,J = 102Hz), 3.45(1 H,d.q,J=7.0Hz,J = 10.2Hz), 4.77- 
(1H,s), 4.82(1 H.d. J = 14.4Hz),. 5.01 (1H,d,J = 14.4Hz). 6.70-6.81 (2H.m), 7.33-7.45(1 H.m), 7.79(1H,s). 7.80- 
(1H.s) 

This product was recrystallized from ethyl acetate to afford colorless prisms, m.p. 145-147 C. 



Reference Example 11 

An ethanol (20 ml) solution of 2-chloromethylimidazo[1,2-a]pyridine hydrochloride (2.0 g) was added, at 
80 *C, to ethanol (20 ml) containing a 28% sodium methyiate methanol solution. The mixture was refluxed 
for 2.5 hours. The reaction mixture was cooled, to which was added dilute hydrochloric acid to adjust the 
pH to 1. followed by washing with toluene (30 ml x three times). To the aqueous layer was added an 
aqueous solution of sodium hydroxide to adjust the pH to 10, followed by extraction with methylene chloride 
(30 ml x three times). The organic layer was dried over anhydrous sodium sulfate, which was concentrated 
under reduced pressure. The concentrate was subjected to a silica gel chromatography (3 cm x 15 cm), 
eluting with ethyl acetate - hexane (2:1). The object fraction was concentrated under reduced pressure to 
give 2-(4-methoxybenzyithio)methyiimidazo(1,2-a]pyridine (2.5 g) as a colorless oily product. 
'H-NMR (CDCl 3 ) S : 3.73(2H.s). 3.78(2H.s), 3.79(3H,s), 6.75(1H,m). 6.83(2H,d, J 3 6.6Hz), 7.13(1H,m), 7.25- 
(2H.d.J = 6.6Hz), 7.46(1 H,s), 7.55(1 H.d,J = 9.0Hz). 8.04(1 H.d.d.J = 1.0Hz,5.6Hz) 

To the mixture of this product (2.5 g). anisole (20 ml) and trifluoroacebc acid (50 ml) was added silver 
acetate (II) (3.2 g). which was stirred for 4 hours at room temperature. The reaction mixture was 



41 



EP0 421 210 A2 



concentrated under reduced pressure. To the concentrate was added petroleum ether. The colorless 
powder then separated out was collected by filtration and washed with diethyl ether. The obtained powder 
(5.0 g) was suspended in N,N-dimethylformamide (60 ml), into which was blown hydrogen sulfide until the 
reaction mixture colored black. This reaction mixture was bubbled with nitrogen gas to remove excess 
volume of hydrogen sulfide, which was then subjected to filtration. The filtrate was concentrated under 
reduced pressure. The residue was subjected to a silica gel chromatography (2.0 cm x 15 cm), followed by 
efution with methanol-methylene chloride (1:19). The object fraction was concentrated under reduced 
pressure. To the concentrate were added methanol and methylene^ chloride to afford 2- 
mercaptomethylimidazo[1,2-a]pyridine (1.3 g) as colorless needles, m.p. 168-178* C. 
1 H-NMR (OMSO-ds) 5 : 3.30(1 H.U= 8.0Hz). 4.00(2H.d.J = 8.0 Hz), 7.36(1 H.dt.J = 1.8Hz, J = 6.6Hz), 7.75-7.89- 
(2H,m). 8.16<1H,s). 8.82(1 H.d. J = 7.2Hz) 



Reference Example 12 

To a suspension of imidazole-2-carboxyaldehyde (2.5 g) in N.N-dimethylformamide (25 ml) was added 
60% sodium hydride in oil (1.2 g) at room temperature, and the mixture was stirred for 30 minutes. To the 
resultant solution was added, at room temperature, 2,2,3 ,3-tetrafluoropropyl-p-toluenesulfonate (11.2 g), and 
the mixture was stirred for 2.5 hours at 110* C. The reaction mixture was cooled, to which was added water 
(100 ml) and toluene (30 ml) for extraction. The aqueous layer was subjected to further extraction with 
toluene (30 ml x 3 times). Toluene layers were combined and washed with a saturated aqueous sodium 
chloride solution (30 ml), which was dried over anhydrous sodium sulfate, then the solvent was distilled off 
under reduced pressure. The residue was subjected to a silica gel chromatography (3.0 cm x 10 cm), 
eluting with ethyl aeetate-hexane (1:1). The object fraction was concentrated to give l-(2.2,3,3- 
tetrafIuoropropyl)imidazol-2-carboxyaldehyde (2.7 g) as colorless plates, m.p. 51-54* C. 
<H-NMR (CDCls) * : 5.15(2H,t,J = 12.6Hz), 5.92(1 H.t.t.J = 54Hz,2.6Hz), 727(1 H,s), 7.38(1 H,s). 9.84(1 H,s) 



Elemental Analysis for C7H6F4N2O: 


CaJcd. : 
Found : 


C, 40.01; 
C, 39.68: 


H, 2.88; 
H. 2.86; 


N, 13.33 
N, 13.11 



. To a solution of l-(2,2,3,3-tetrafluoropropyl)imidazoie-2-carboxyaldBhyde (1.5 g) in methanol (15 ml) 
was added sodium borohydride (0.08 g) at 0* C, which was stirred for 40 minutes at 0* C. To the reaction 
mixture was added a saturated aqueous sodium chloride solution (5.0 ml), which was stirred for 50 
minutes, followed by extraction with ethyl acetate (30 ml x 4 times). The organic layer was dried over 
anhydrous magnesium sulfate, then the solvent was distilled off under reduced pressure. Addition of ethyl 
acetate and hexane to the residue gave precipitates of 2-hydroxymemyM -(2,2,3. 3-tetrafluoropropyl)- 
imidazole (1.5 g) as colorless needles, m.p. 91-92* C. 



Elemental Analysis for C7H 8 Cl 2 F*N2: 


Calcd. : 
Found : 


C, 31.48; 
C. 31.74; 


H. 3.02; 
H, 2.94; 


N, 10.49 
N, 10.44 



'H-NMR (COCI3) 6 : 4.68(2H,t,J = 12.4Hz), 4.68(2H,s), 5.88(1 H,t,t.J = 53.2 Hz, 2.6Hz), 6.93(1H,s), 6.96(1H,s) 

To thionyi chloride (7.0 ml) was gradually added 2-hyd roxymethy 1-1 -(2,2,3 ,3-tetrafluoropropyl)imidazole 
(0.70 g) at 0* C, and the mixture was refluxed for 45 minutes. The reaction mixture was concentrated under 
reduced pressure, to which was added diethyl ether, then precipitating crystals were collected by filtration. 
The crystals were dissolved in ethanol, followed by recrystallization from diethyl ether to give 2- 
chloromethyl-1-(2,2,3,3-tetrafluoropropy0imidazote hydrochloride (0.90 g) as colorless needles, m.p. 104- 
107* C. 



42 



EP0 421 210 A2 



Elemental Analysis for CjHgCiaF^: 
Calcd. : C, 31.48;' H, 3.02; N, 10.49- 
Found : C, 31.74; H, 2.94; N, 10.44 

1 H-NMR (DMSO-ds) 6 : 5.13(2H,s). 5. 17(2H.t,J = 16.2Hz), 6.76(1 H.t,t.J = 51.8Hz, 15 Hz). 7.66(1 H.d.J = 1.8Hz). 
7.69(1 H.br.s) 

Reference Example 13 

A mixture of 1 H-1 ,2.4-triazole (20 g) and paraformaldehyde (9.0 g) was heated at 170* C for 1.5 hour, to 
which was further added paraformaldehyde (9.0 g). The mixture was heated at 170* C for 1.5 hour, to which 
was further added paraformaldehyde (9.0 g). The mixture was heated at 170* C for 1.5 hour, which was 
subjected to distillation under reduced pressure to remove remaining triazole. The residue was cooled, to 
which was added N.N-dimethylformamide (150 ml). To the mixture was added, under ice-cooling, tert- 
butyldimethyisilyl chloride (25 g), followed by stirring for 1.25 hour at room temperature. The reaction 
mixture was concentrated under reduced pressure, to which was added a saturated aqueous solution of 
sodium hydrogen carbonate (100 ml), followed by extraction with methylene chloride (30 ml x 3 times). 
The organic layer was dried over anhydrous sodium sulfate, which was then concentrated under reduced 
pressure. The concentrate was subjected to a silica gel chromatography (5.0 cm x 20 cm), eluting with ethyl 
acetate-hexane (3:1). The object fraction was concentrated to afford 3-tert-butyldimethylsiloxymethyl-lH- 
1,2,4-triazole (15 g) as a colorless oily product. 
1 H-NMR (CDCla) 5 : 0.13(6H,s), 0.93(9H,s), 4.94{2H,s), 8.03(1 H,s) 

A solution of 3-tert-butyldimethylsiloxymethyl-1H-1^,4-triazole (8.0 g) in N,N-dlmethylformamide (20 
ml) was added dropwise at 0* C to a mixture of 60% sodium hydride in oil (1.5 g), methyl iodide (2.8 ml) 
and N.N-dimethylformamide (80 ml) for 10 minutes. The mixture was stirred for 10 minutes, to which was 
added water (300 ml), followed by extraction with ethyl acetate (100 ml x 3 times). The organic layer was 
washed with a saturated aqueous sodium chloride solution, which was then dried over anhydrous sodium 
sulfate, followed by concentration under reduced pressure. The concentrate was subjected to a silica gel 
chromatography, eluting with ethyl acetate-hexane *(1 : 1), then further with ethyl acetate. The object 
fractions were respectively concentrated under reduced pressure to afford 5-tert-butyldimethy!siloxymethyl- 
1-methyl-1H-1,2,4-triazole (4.4 g), 3-tert-butyldimethylsiIoxymethyl-1-methyl-lH-1.2,4-triazole (2.4 g). and 3- 
tert-butyldimethyisiIoxymethyl-4-methyl-4H-1 ,2.4-triazole (0.50 g). 
5-tert-butyldimethylsiloxymethyM-methyl-1H-1 ,2,4-tria20le: colorless oil 
'H-NMR (COCl 3 ) 8 : 0.09(6H,s). 0.90(9H,s). 3.96(3H,s), 4.85(2H.s). 7.79(1H,s) 
3-tert-butyldimethylsiloxymethyl-1-methyl-1H-1 ,2.4-tria20le: colorless oil 
'H-NMR (CDCt 3 ) 5 : 0.13(6H,s), 0.93(9H.s), 3.90(3H,s), 4.77(2H.s), 7.97(1H.s) 
3-tert-butyfdimethylsiloxymethyf- : 4-metyl-4H-1^ t 4-triazole: colorless needles 

1 H-NMR (CDCl 3 ) a : 0.09(6H,s), 0.89(9H.s) 3.76(3H,s), 4.90(2H,s). 8.08(1 H,s) m.p. (crystallized from diethyl 
ether) 94*095*C 

A mixture of 5-tert-butyidimethylsiloxymethyl-l-methyl-1H-1,2.4-lriazole (3.0 g), ethanol (20 ml). 5N 
aqueous solution of sodium hydroxide (4.0 ml) and methanol (30 ml) was stirred for 24 hours at room 
temperature. The reaction mixture was concentrated under reduced pressure, and the concentrate was 
subjected to a silica gel chromatography (3.0 cm x 15 cm), eluting with methanol-methylene chloride (1 : 9). 
The object fraction was concentrated under reduced pressure to give 5-hydroxymethyM-methy 1-1 H-1 ,2.4- 
triazole (1.2 g) as a colorless solid product. 

'H-NMR (COCh) S : 3.95(3H,s). 476(2H,br.s), 5.33{1H.br.). 7.78(1H,s) 

To thionyl chloride (8.0 ml) was gradually added 5-hydroxymethyM-methy!-1 H-1 ,2.4-triazole (0.80 g) at 
0* C, followed by refluxing for 3 hours. The reaction mixture was concentrated under reduced pressure. To 
the concentrate was added diethyl ether, then resulting powdery product was collected by filtration. The 
powdery product was dissolved in ethanol, to which was added diethyl ether to cause crystallization to 
afford 5-chloromethyl-l-methyl-1 H-1 ,2.4-triazole hydrochloride (1.1 g) as colorless plates, m.p. 77-78* C 
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Elemental Analysis for C*H7Cl 2 N a M/2H 2 0: 


Caicd. : 
Found : 


C. 27.1 4; 
C. 27.60; 


H, 4.55; 
H. 3.98; 


N f 23.74 
N, 23.66 



'H-NMR (OMSOds) 5 : 3.92(3H,s), 5.01 (2H.S), 8.01 (1H.S) 

A mixture of S-tert-butyldlmethyls/loxymethyl-l^ethyJ-IH-t^^triazole (2.0 g), ethanol (10 ml), metha- 
nol (20 ml) and 5N aqueous solution of sodium hydroxide (2.6 ml) was stirred for 27 hours at room 

70 temperature, followed by stirring further 21 hours at 45* C. The reaction mixture was concentrated under 
reduced pressure. The residue was subjected to a silica gel chromatography (2.0 cm x 10 cm), eiuting with 
methanol-methylene chloride (1 : 9). The object fraction was concentrated under reduced pressure to afford 
3-hydroxymethyM -methyl- 1 H-1 ,2,4-triazole (1 .0 g) as colorless needles. 
1 H-NMR (CDCla) « : 3.91(3H,s), 4.75(2H,d,J =3.6Hz), 4.06(1 H,br.), 8.02(1 H,s) m.p. 72-75* C 

7S To thionyl chloride (8.0 mt) was gradually added at 0*C 3-hydroxymethyM -methyl-* H-1 ,2,4-triazole 
(0.60 g), which was refluxed for 3 hours. The reaction mixture was concentrated under reduced pressure, to 
which was added diethyl ether. Resulting powder was crystallized from a mixture of ethanol and diethyl 
ether to give 3-chloromethyl-1-methyl-1H-1 ( 2 f 4-trlazole hydrochloride (1.0 g) as colorless needles, m.p. 69- 

20 



Elemental Analysis for C4H7CI2N3: 


Caicd. : 
Found : 


C, 28.59; 
C, 28.16; 


H, 4.20; 
H. 4.08; 


N, 25.01 
N, 24.51 



1 H-NMR (DMSO-ds) 5 : 3.87(3H,s), 4.72(2H.s), 8.57(1 H,s) 

A mixture of 3-tert-butyidimethylsiioxymethy l-4-methyl-4H-1 ,2,4-triazole (0.40 g). ethanol (12 ml) and 

30 5N sodium hydroxide (0.53 ml) was stirred for 48 hours at room temperature. The reaction mixture was 
concentrated under reduced pressure, and the concentrate was subjected to a silica gel chromatography 
(2.0 cm x 10 cm), eiuting with methanol-methylene chloride (1 : 4), The object fraction was concentrated 
under reduced pressure to give 3-hydroxymethyl-4-methyl-4H-l ,2,4-triazole (0.20 g) as a colorless solid. 
1 H-NMR (DMSO-ds) 5 : 3.66(3H,s), 4.59(2H,d.J = 5.6Hz), 5.52(1 H.t.J = 5.6Hz). 8.40(1 H,s) 

35 To thionyl chloride (2.0 ml) was added at O'C 3-hydroxymethyl-4-methyl-4H-1,2,4-triazole (0.15 g), 
and the mixture.was refluxed for 1.5 hour. The reaction mixture was concentrated under reduced pressure, 
to which was added diethyl ether. Resulting crystals were collected by filtration and dissolved in ethanol. to 
which was added diethyl ether for recrystalUzation to afford 3-chloromethyl-4-methyl-4H-1,2.4-trtazole 
hydrochloride (0.22 g) as colorless prisms, m.p. 96-97* C. 

40 



Elemental Analysis for C^f-bC^Ns: 


Caicd.: 
Found : 


C. 28.59; 
C, 28.70; 


H, 4.20; 
H, 4.18; 


N, 25.01 
N, 24.91 
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1 H-NMR (DMSO-de) 5 : 3.81(3H,s), 5.11(2H,s), 9.26(1H,s) 



Reference Example 14 

.3-Hydroxymethyi-5-mercapto-4-methyl-4H-1,2.4-triazoie (1.5 g) was added, taking 1 hour at 0*C, to a 
mixture of cone, nitric acid (d 1.38) (2.3 ml), water (6.0 mt) and sodium nitrite (0.005 g). The reaction 
mixture was warmed to room temperature, which was then allowed to stand for one hour, followed by 
55 addition of an aqueous solution of sodium hydroxide to adjust the pH to 8. Water was then distilled off 
under reduced pressure, and the residue was subjected to a silica gel chromatography (2.5 cm x 10 cm), 
eiuting with methanol-methylene chloride (1:4). The object fraction was concentrated, and the concentrate 
was recrystallized from ethyl acetate to give 3-hydroxymethyl-4-methyl-4H-l^,4-triazole (1.1 g) as colorless 
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fl06d lOS 

1H-NMR (DMSO-de) 5 : 3.66(3H t s), 4.59(2H,d,J=5.6Hz), 5.52(1 H,t,J = 5.6Hz) ( 8.40(1 H,s) m.p. 81-82* C 



5 Reference Example 15 

A mixture of 6,7Kiihydro-5H-pyrrolo[1,2-c]imidazole (7 g) and paraformaldehyde (4 g) was heated at 
160* C, to which was added, 20 minutes later, paraformaldehyde (2 g), and, further 20 minutes later, 
paraformaldehyde (1 g) t followed by heating for 45 minutes. The reaction mixture was subjected to a silica 
10 gel chromatography (4.0 cm x 15 cm), elutirig with methanol-methylene chloride (1 : 9). The object fraction 
was concentrated. To the concentrate were added ethanol and diethyl ether to give 6,7-dihydro-3- 
hydroxymethyl-SH-pyrrololl^-cjimidazole (3.4 g) as colorless needles, m.p. 110-120* C. 



75 


Elemental Analysis for C7H10N2O: 


Calcd. : 


C. 60.85; 


H, 7.29; 


N, 2027 




Found : 


C, 61.08; 


H, 7.30; 


N, 2027 



'H-NMR (CDC la) 6 : 2.5-2.7 (2H,m), 2.81 (2H.t,J = MHz), 4.01 (2H.t.J = 7.0Hz), 4.56(2H,s), 6.2(1H.br.), 6.54- 
(1H.S) 

6.7-Oihydro-3-hydroxymethyl-5H-pyrrolo[1,2-cpmidazole (0.8 g) was gradually added at 0 C to thionyl 
chloride (0.8 mi), and the mixture was refluxed for 40 minutes, followed by distilling off the thionyl chloride 
under reduced pressure. To the residue was added diethyl ether, then the resulting solid matter was 
collected by filtration. The solid matter was dissolved in ethanol. to which was added diethyl ether, 
whereupon 3-chloromethyl-6,7-dihydro-5H-pyrrolo[1 f 2-c]imidazole # hydrochloride (0.70 g) as pale brown 
needles, m.p. 120-140* C. 



30 


Elemental Analysis for C7H10CI2N2: 




Calcd. : 


C, 43.55s, 


H, 5.22; 


N, 14.51 




Found : 


C, 43.74; 


H, 5.21; 


N, 14.31 



35 

'H-NMR (DMSO-d 6 ) 5 : 2.5-2.7(2H,m), 2.96(2H,tJ =»6.8Hz), 4.28(2H.t.J =■ 7.0Hz), 5.16(2H,s). 7.43(1 H,s) 



Reference Example 16. 

40 

A mixture of 2-acetoxythioacetamide (10 g), 2-chlorocyclopentanone (10.6 g) and dimethylformamide 
(100 ml) was stirred for 24 hours at 80* C. The reaction mixture was cooled and poured into ice-water (500 
ml), followed by extraction twice with ethyl acetate (200 ml). The extract was washed twice with water (100 
ml), which was dried over magnesium sulfate, then the solvent was distilled off under reduced pressure. 

45 The residue was subjected to a silica gel chromatography (2.5 x 50 cm), elutlng with ethyl acetate-hexane 
(3 : 7), The' object fraction was concentrated to give 2-acetoxymethyl-5.6-dihydro-4H-cyclopentathiazole (5 
g) as a yellow oily product 

To the above product (5 g) was added 5N-sodium hydroxide (10 ml), which was stirred for 2 hours at 
80* C. The reaction mixture was cooled and neutralized with 2N-hydrochloric acid, followed by extraction 

so with ethyl acetate (200 ml). The extract was washed with water (50 ml) and dried over magnesium sulfate, 
then the solvent was distilled off under reduced pressure. The residue was subjected to a silica gel 
chromatography (25 x 30 cm), eluting with ethyl acetate-dichloromethane (3 : 2). The object fraction was 
concentrated to give 2-hydroxymethy»-5.6-dihydro-4H-cyclopentathiazole (3.5 g) as a yellow oily product 
*H-NMR (CDCU) S : 2.40~2.59(4H,m), 2.74~2.99(4H.m), 3.49(1 H.bs). 4.85(2H,s) 

55 The above-mentioned product (0.17 g) was dissolved in methylene chloride (4 ml), to which was added 
dropwise thionyl chloride (1.52 ml), foilowed by stirring for 30 minutes at room temperature. The solvent 
was distilled off under reduced pressure to afford 2-chloromethyl-5,6-dihydro^H-cyclopentathiazole hy- 
drochloride (0.22 g) as a reddish oily product 
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Reference Example 17 

To a mixture of m-difluorobenzene (75 ml) and anhydrous aluminium chloride (115 g) was added 
dropwise, while stirring, 2-bromopropionyl chloride (100 g) during 50 minutes. The mixture was stirred for 2 

5 hours on an oil bath at 50-55* C The reaction mixture was cooled, to which was added methylene chloride 
(500 ml). The resultant solution was added, in limited amounts, to ice-water (1.5 I) while stirring. The 
methylene chloride layer was separated, and the aqueous layer was subjected to extraction twice with 
methylene chloride (100 ml). The methylene chloride layers were combined and washed with water (500 
ml) r which -was dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 

io pressure to leave 2-bromo-2',4'<lifluoroproptophenone (142.5 g) as a pale yellow oily product. 
'H-NMR (CDCtj) 6 : 1.90(3H), 5.25(1H), 6.85-7.06(2H). 7.93-8.05(1 H) 



Reference Example 18 

75 

-To a mixture of m-difluorobenzene (100 ml) and anhydrous aluminium chloride (114 g) was added 
dropwise. while stirring, propionyl chloride (66 ml), during 45 minutes. The mixture was then stirred for 2 
hours on an oil bath of 50-55 *C. The reaction mixture was cooled, to which was added methylene chloride 
(300 ml). The resultant solution was added by portions to ice-water (1 l) while stirring. Methylene chloride 
20 layer was separated, and the aqueous layer was subjected to extraction twice with methylene chioride (60 
ml). Methylene chloride layers were combined and washed with water (200 ml), followed by drying over 
anhydrous magnesium sulfate. The solvent was distilled off to leave 2',4'-difluoropropiophenone (111.4 g) 
as a pale yellow oily product. 

1 H-NMR (CDC1 3 ) 5 : 1.17-1.24{3H) f 2.92-3.05(2H), 6.82-7. 02(2H), 7.89-8.03(1 H) 

25 

Reference Example 19 

In methylene chloride (300 ml) was dissolved 2',4-difluoropropiophenone (55 g), to which was added 
30 bromine (50 g) dropwise, while stirring, during 30 minutes. The mixture was stirred for 30 minutes at room 
temperature. To the reaction mixture was added^water (200 ml), and the methylene chloride layer was 
washed three times, followed by drying over anhydrous magnesium sulfate. The solvent was distilled off to 
leave 2-bromo-2 ,4-difluoropropiophenone (77 g) as a pale yellow oily product 

35 

Reference Example 20 

2-Bromo-2',4'-drfluoropropiophenone (141 g) was dissolved in methanol (1100 ml), to which was added 
sodium formate (176.2 g), and the mixture was stirred for 2 days at 50* C. Methanol was distilled off under 
40 reduced pressure. The residue was subjected to extraction by the addition of ethyl acetate (700 ml) and 
water (500 ml). The ethyl acetate layer was dried over magnesium sulfate, then the solvent was distilled off 
under reduced pressure. The residue was crystallized from Jiexane (200 ml) to afford 2,4 -difluoro-2- 
hydroxypropiophenone {50.5 g) as colorless prisms, m.p. 49-51 * C 

NMR (CDCla) * : 1 .40,1.41 (3H. dx2. J ==7Hz). 3.74(1 H, d, J =6.2Hz). 4.96-5. 11(1H,m), 6.87-727(2H,m), 
45 7.69-a09(1H,m) 



Reference Example 21 

so 2',4'-Difluoro-2-hydroxypropiophenone (61 g) was dissolved in methylene chloride (500 ml), to which 
was added, under ice-cooling, p-toluene sulfonic acid* hydrate (1 .0 g). To the mixture was added, under ice- 
cooling while stirring, 3,4-dihydro-2H-pyran (41.4 g) during 10 minutes. The mixture was stirred, under ice- 
cooling, for one hour, to which was added a 5% aqueous solution of sodium hydrogen carbonate (240 ml). 
The mixture was stirred for 10 minutes under ice-cooling. The methylene chloride layer was separated and 

55 dried over anhydrous magnesium sulfate, followed by distilling off the solvent. The residuaJ oily product was 
purified by means of a silica gel column chromatography {hexane : ethyl acetate 3 5 : 1) to afford 2 ,4- 
difluo^KS.^S.e-tetrahyd^H-pyran^-yloxyJpropiophenone (86.5 g) as a pale yellow oily product 



3NSDOCID: <EP 042121QA2_I_> 
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Reference Example 22 

To dimethyl sulfoxide (650 ml) was added, at room temperature, 60% sodium hydride in oil (15.2 g) by 
portions during 10 minutes. The mixture was stirred for 10 minutes at room temperature, to which was 
added by portions trimethylsulfoxonium iodide (83.7 g) during one hour. To the resultant mixture was added 
dropwise during one hour a solution of Z ^'-difluor^^.^S.e-tetrahydro^H-pyran^-yloxyJpropiophenone 
(86.5 g) in dimethyl sulfoxide (150 ml). The mixture was stirred for 3 hours at room temperature, then the 
reaction mixture was poured into ice-water (1.5 l), which was subjected to extraction 5 times with ethyl 
acetate (300 ml). The ethyl acetate layer was washed with water (300 ml) for four times, followed by 
drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to leave 2- 
[1-(3,4 l 5,6-tetrahydro-2H-pyran-2-yloxy)ethylh2-(2,4^ffluorophenyl)oxirane (83.4 g) as a pale yellow oily 
product 



Reference Example 23 

To N,N-dimethylforrnamide (700 ml) was added, at room temperature while stirring, 60% sodium 
hydride in oil (35.2 g) by portions during 10 minutes. The mixture was stirred for 5 minutes at room 
temperature, to which was added 1 H-1 ,2,4-triazole (25 g) by portions at room temperature during 20 
minutes. The reaction mixture was cooled with ice, to which was added 1 H-1 ,2,4-triazole (44.6 g) during 30 
minutes with stirring, followed by stirring at room temperature for further 10 minutes. To the resultant 
mixture was added dropwise 2-^(3,4,5,0-tetrahydrch2H-pyran^^ 

(83.4 g) during 5 minutes, which was stirred for 4 hours at 90* C. The reaction mixture was cooled and 
poured into ice-water (1.5 I), which was subjected to extraction with ethyl acetate (500 ml) for 4 times. The 
ethyl acetate layer was washed with water (300 ml) 3 times and dried over anhydrous magnesium sulfate. 
Then the solvent was distilled off to leave a pale yellow oily product This product was purified by means of 
a silica gel column chromatography (hexane : acetone ■ 4 : 1 - 1 : 1). The resultant oily product was 
crystallized from hexane to give 2-(2.4-diffuorophenyih3-(3,4A 
triazol-1-yl)-2-butanol (51.4 g) as colorless powder, m.p. 93-95* C 



Elemental Analysis for CuHziFaNaOs: 


Calcd. : 
Found : 


C, 57.78; 
C. 57.82; 


H, 5.99; 
H, 6.04; 


N, 11.89 
N, 11.77 



Reference Example 24 

. In ethanol (500 ml) was dissolved 2-(2,4<lifluorophenyl)-3-(3,4,5 t 6-tetrahydro-2H-pyran-2-yl)oxyM-(1H- 
1,2,4-triazoM-yl)-2-butanol (51.4 g), to which was added pyridinium p-toluenesulfonate (13.2 g), and the 
mixture was stirred for 6 hours at 55* C. To the resultant mixture was further added pyridinium p- 
toluenesulfonate (2.0 g), which was stirred for 1.5 hour at 55* C. The mixture was cooled, then the solvent 
was distilled off under reduced pressure. To the residue was added ethyl acetate (900 ml), and the mixture 
was washed with water (50 ml) three times. The ethyl acetate layer was dried over anhydrous magnesium 
sufiate, then the solvent was distilled off. To the residue were added ethyl acetate (50 ml) and ethyl ether 
(100 ml). Precipitating crystals were collected by filtration to afford pure (99% purity) (2RS,3RS)-2-(2,4- 
difluoropheny!)-1 -(1 H-1 ,2,4-triazoM -yl)-2,3-butanediol (29.0 g) as diastereomer, m.p. 1 54-156* C 
'H-NMR (COCla) 5 : 0.93(3H,d, J = 6.2H2), 4.26-4.39(1 H,m), 4.82(2H,s), 6.71-6.83(2H,m), 7.35-7.51 (1 H.m), 
7.84(1 H.s), 7.87(1 H,s) 



Elemental Analysis for CiaH^FaNaCk: 


Calcd. : 
Found : 


C, 53.53; 
C. 53.35; 


H, 4.87; 
H, 4.90; 


N, 15.61 
N, 15.49 
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Reference Example 25 

5 

In a mixture of ethyl acetate (200 mi) and methylene chloride (50 ml) was dissolved (2RS.3RS)-2-(2,4- 
difluorophenyl>-1-(1H-1,Z4-trai20l-1-yl)-2 f 3-butanedlol (11 g), to which was added, under ice-cooling, 
triethylamine (6.21 mi). To the resultant mixture was added dropwise methanesutfonyl chloride (3.46 mi) 
with stirring under ice-cooling during 3 minutes, followed by stirring for 45 minutes at room temperature. To 

w the reaction mixture was added water (100 ml), then the organic layer was separated, washed with water 
and dried (anhydrous magnesium sulfate), followed by distilling off the solvent under reduced pressure to 
afford (2RS,3RS)-2-(2,4«iifluorophenyl>^ as an oily 

product. This product was dissolved in methanol (200 ml), to which was added under ice-cooling a 28% 
sodium methylate methanol solution (8.84 g). followed by stirring for 30 minutes at room temperature. The 

75 solvent was distilled off under reduced pressure. To the residue were added ethyl acetate (200 mi) and 
water (100 mi) for extraction. The ethyl acetate layer was washed with water and dried over anhydrous 
magnesium sulfate, followed by distilling off the solvent. The residue was purified by means of a silica gel 
column chromatography (ethyl acetate : methylene chloride = 4:1). followed by crystallization from 
hexane to afford (2RS,3SR)-2-(2,4-difluorophenyl)-3-m^ (8.3 g). a 

20 single diastereomer, as colorless crystals, m.p. 66-68* C 

'H-NMR (CDCl 3 ) 5 : 1.65(3H,d,J = 5.6Hz). 3.20(1 H.q.J = 5.6Hz) 4.42(1 H.d.J = 14.6Hz), 4.89(1 H t d, J = 1 4.6Hz), 
6.68-6.83(2H,m), 6.93-7.08(1 H,m), 7.82(1 H,s). 7.97(1 H.s) 



25 


Elemental Analysis for CuHi 1F2N3O: 


Caicd.: 


C, 57.37; 


H, 4.41; 


N, 16.73 




Found : 


C, 57.31; 


H, 4.44; 


N, 16.62 



30 

Reference Example 26 

In dichloromethane (200 mi) was dissolved (S)-{-)ethyl lactate (35.4 g), to which was added, under ice- 
cooling, p-toluenesulfonic acid 'hydrate (570 mg). To the mixture was added dropwise 3.4-dihyro-2H-pyran 
(30-2 g), taking 30 minutes, followed by stirring for one hour under ice-cooling. To the reaction mixture was 
added a 5% aqueous solution of sodium hydrogen carbonate (50 mi), which was vigorously stirred, then 
the organic layer was separated. The organic layer was further washed with a 5% aqueous solution of 
sodium hydrogen carbonate and dried over anhydrous magnesium sulfate, then the solvent was distilled off 
under reduced pressure to afford ethyl(2S)-2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propionate (61 g) as a 
pale yellow oily product. 

1 H-NMR (CDCi 3 ) S : 1.28(3H ( t,J =< 7.0Hz), 1.40, 1.46(3H,d,J =6.8Hz), 1 .40-2.00(6 H,m), 3.40-3.60(2H,m), 
3.80~4.00(2H,m), 4.1f>4.44(3H,m). 4.68-4.76(1 H,m) 

45 

Reference Example 27 

In ethanol (450 mi) was dissolved ethyl (2S)-2-(3,4 < 5.6-tetrahydro-2H-pyran-2-yloxy)propionate. to 
which was added, under ice-cooling, 2N sodium hydroxide solution (150 mt), and the mixture was stirred 
50 for one hour at room temperature/The reaction mixture was cooled with ice. to which was added a 27* C 
aqueous solution of acetic acid (100 mi), followed by extraction with dichloromethane (200 mi) three times. 
Dichloromethane layers were combined and washed with a saturated aqueous saline solution (100 ml) 
twice, followed by drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure to leave (2S)-2-(3.4,5.6-tetrahydro-2H-pyran-2-yloxy)propionic acid (29.5 g) as a colorless waxy 
product 

To (2S>2-(3.4,5,6-tetrahydro-2H-pyran-2-yloxy)propionic acid (29.5 g) was added anhydrous 
tetrahydrofuran (250 mi). To the mixture was added, with stirring at room temperature, 1,1-carbonyl- 
diimidazole (33.1 g). taking 10 minutes. The mixture was stirred for 30 minutes at room temperature and 
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cooled with ice, to which was added dropwise morpholine (34.8 g) during 15 minutes. The resultant mixture 
was stirred for 15 minutes on an ice bath, then the reaction mixture was concentrated under reduced 
pressure. The concentrate was dissolved in dichloromethane (300 ml), which was washed with a saturated 
aqueous sodium chloride solution (50 ml) and dried over anhydrous magnesium sulfate, followed by 
5 distilling off the solvent. The residue was purified by means of a silica gel chromatography (eluent : hexane 
: ethyl acetate = 1 : 4) to afford N-[(2Sh2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propionyl]morpholine (17.5 

g). 

'H-NMR (CDCta) S : 1.39. 1.44<3H,d.J = 6.8Hz), 1.45-1.96(6H,m), 3.40-3.95(1 OH.m), 4.52, 4.68- 
(1H,q,J = 6.8Hz), 4.60(1 H,m) 
w IR (film) : 2945, 2855, 1662, 1650, 1460. 1435 1370. 1270, 1230, 1110. 1020, 980 cm" 1 



Reference Example 28 

is In anhydrous tetrahydrofuran (40 ml) was dissolved 1~bromo-2,4-difluorobenzene (7.72 g). To the 
solution were added, at room temperature, magnesium (flakes, 972 mg) and a very small amount of iodine, 
and the mixture was vigorously stirred for about two hours to give a 1 M solution of 2,4-difluorophenyl 
magnesium bromide. From this solution, a 9.5 ml portion was taken and diluted with 9.5 ml of anhydrous 
tetrahydrofuran, which was added dropwise to an anhydrous tetrahydrofuran solution (25 ml) of N-[(2S)j2- 

20 (3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propionyl]morpholine (226 g) at a temperature from -30 *C to -20 C 
during 25 minutes. After completion of the dropwise addition, temperature of the mixture was raised up to 
20 "C during one hour. The mixture was stirred at 20 "C for further two hours. The reaction mixture was 
cooled with ice, to which was added a saturated aqueous solution of ammonium chloride (20 ml), followed 
by extraction with ethyl acetate (100 ml). The extract was dried over magnesium sulfate, then the solvent 

25 was distilled off under reduced pressure. The residue was purified by means of a silica gel chromatography 
(eluent hexane : ethyl acetate = 10:1) to give (2S)-2 , .4'-dlfiuoro-2-(3.4 1 5.6-tetrahydro-2H-pyran-2-yloxy)- 
propiophenone (1.02 g) as a pale yellow oily product. 

IR (film) : 3075, 2950, 2875. 1695, 1605, 1500, 1422, 1370, 1265, 1230. 1132, 1090, 1030, 970, 848cm-' 
The optical purity of this compound was measured by the following method. 

30 In ethanol (3 ml) was dissolved (2S)-2 ,4'-difluoro-2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)- 
propiophenone (95 mg), to which was added pyridinium p-toluenesuifonate (21 mg), followed by stirring for 
one hour at 55 # C. The solvent was distilled off under reduced pressure, and the residue was dissolved in 
ethyl acetate (20 ml), which was dried over anhydrous magnesium sulfate, followed by distilling off the 
solvent. Tne residue was purified by means of a silica gel chromatography (eluent, hexane : ethyl acetate - 

35 5 : 1) to give (2S>2\4'-difluoro-2-hydroxyproplophenone (40 mg) as a pale yellow oily product 

This product was subjected to analysis by means of a high performance liquid chromatography (mobile 
phase, hexane : isopropyl alcohol = 9:1) using an optical isomer separating column [CHIRALCEt® OF 
0.46 cm x 25 cm. manufactured by Dalcel Chemical Industries, Ltd.]. The enantiomer excess (ee) was 
proved to be 98.4%. 

40 1 H-NMR (CDCl 3 ) 5 : 1 .41 (3H,dd. J = 7.0Hz. J = 1.6Hz), 3.74(1H,d). 5.01(1H,m), 6.86~7.08(2H,m), 7.96-8.08- 
(1H,m) 

IR (film) : 3450, 1690, 1612, 1500, 1430, 1270, 1145. 1100. 1030. 980. 858cm- 1 



45 Reference Example 29 

To dimethyl sulfoxide (5 ml) was added 60% sodium hydride in oil (85 mg), to which was added 
trimethyl sulfoxonium iodide (0.49 g) with stirring at about 15* C, and the mixture was stirred for 15 minutes 
at room temperature. The reaction mixture was cooled with ice, to which was added a dimethyl sulfoxide 

50 solution (1.2 ml) of (2S)-2',4-difluoro-2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propiophenone (0.50 g), and 
the mixture was stirred for two hours at room temperature. To the reaction mixture were added water (10 
ml) and ethyl acetate (50 ml), and the resultant mixture was shaken. The organic layer was washed with a 
saturated aqueous sodium chloride solution (10 ml) twice, which was dried over anhydrous magnesium 
sulfate. Tne solvent was distilled off under reduced pressure, and the residue was purified by means of a 

55 silica gel chromatography (eluent, hexane : ethyl acetate = 10 : 1) to afford 2-[(lS)-H3.4,5,6-tetrahydro-2H- 
pyran-2-yk>xy)ethyl]-2-(2,4-difluorophenyl)oxirano (0.40 g) as a pale yellow oily product. 
'H-NMR (CDCI3) S : 1.10-1.26<3H,m), 1.40-1 .95(6H,m), 2.83(1H.m), 3.05, 3.32(1 H,d, J =5.2Hz), 3.42-3.59- 
(1H t m), 3.76-4.12(2H,m), 4.74-4.96(1 H,m), 6.72-6.95(2H,m), 7.32-7.60(1 H,m) 
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Reference Example 30 

In dimethylformamide (5 ml) was dispersed 60% sodium hydride in oil (0.23 g). to which was added 
triazole (0.59 g) under ice-cooling, followed by stirring for 1 5 minutes. To the resultant mixture was added a 
dimethylformamide solution (1 ml) of 2-{(1S)-1-<3,4,5,6-tetrahydro-2H-pyran-2-yloxy)ethyip2-<2,4- 
difluorophenyl)oxirane (0.40 g). which was heated for three hours at 80* C. The reaction mixture was cooled, 
to which were added cold water (1.0 ml) and ethyl aceate (50 ml), and the mixture was shaken. The 
aqueous layer was subjected to extraction with ethyl acetate twice. Ethyl acetate layers were combined, 
washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate, 
followed by distilling off the solvent under reduced pressure. The residue was purified by means of a silica 
gel chromatography (eluent, dlchloromethane : ethyl acetate : acetone = 6 : 1 : 1). The resultant waxy 
product was further subjected reprecipitation twice from ethyl acetate • hexane to afford (3S)-2-(2.4- 
dffluorophenylJ-S-pAB.e-tefrahydr^ (°- 22 g) as a color- 

less waxy product. 

'H-NMR (CDCla) S : 0.99. 1/l2(3H,d,J = 6.4Hz), 1 .40~2.00(6H,m). 3.40-3.65(1 H.m). 3.80-4.06(1 H.m), 
4.25-4.45(1 H.m), 4.31 (1H.s), 4.63(1 H,d t J = 14.2Hz). 4.71 (1H,m), 4.90(1 H,d,J = 14.2Hz). 6.65-6.85(2H,m), 
7.35-7.50(1 H,m), 7.72, 7.73(1 H.s). 7.93, 7.96(1 H,s) 



20 Reference Example 31 

In ethanol (4 ml) were dissolved (3S)-2-(2.4-difluorophenyl)-3-(3 l 4.5.6-tetrahydro-2H-pyran-2-yl)oxy-1- 
(1H-1,2.4-triazoM-yl)-2-butanol (0.22 g) and pyridinium p-toluenesulfonate (47 mg), which was stirred for 
two hours at 55 *C. To the solution was further added pyridinium p-toluenesulfonate (10 mg), which was 
stirred for further two hours at 55* C. The reaction mixture was cooled, then the solvent was distilled off. To 
the residue was added ethyl acetate (30 ml), which was washed with a saturated aqueous sodium chloride 
solution (10 ml). The ethyl acetate layer was dried over anhydrous magnesium sulfate, then the solvent 
was distilled off under redcued pressure. To the residue was added ethyl ether, then precipitating crystals 
were collected by filtration to obtain (2S.3S)-2-(2.4-difIuorophenyl)-1-(1H-1.2,4-triazol-1-yl)-2,3-butanediol (60 
mg). 

m.p. 115-117* C > 

'H-NMR (COCia) 5 : 0.97(3H.d,J = 6.4Hz). 4.32(1 H.m), 4.82(2H.s), 6.69-6.82(2H.m). 7.35-7.48(1 H.m). 7.83- 
(1H,s), 7.84(1 H.s) 

35 

Reference Example 32 

In a mixture of ethyl acetate (2 ml) and dichtoromethane (0.5 ml) was dissolved (2S,3S)-2-(2,4- 
difluorophenyO-l-OH-l^^triazol-l-yl^.S-butanediol (58 mg). To the solution were added, under ice- 

40 cooling, triethylamine (66 ill) and methanesulfonyl chloride (37 ul). The mixture was stirred for two hours at 
room temperature. To the reaction mixture was added ethyl acetate (30 ml), which was washed with water, 
dried (anhydrous magnesium sulfate) and concentrated to afford (2S,3S)-2-(2,4-difluorophenyl)-3- 
methanesulfonyloxy-1-(1H-l,2,4-triazoH-yl)-2-butanol as an oily product. This product was dissolved in 
methanol (2 mX), to which was added, under ice-cooling, 28% sodium methylate (116 ul), and the mixture 

45 was stirred for 30 minutes at room temperature. To the reaction mixture was added dichloromethane (30 
ml), which was washed with water and dried (anhydrous magnesium sulfate), followed by distilling off the 
solvent under reduced pressure. The residue was purified by means of a silica gel chromatography (eluent : 
ethyl acetate - dichloromethane 3 4 :1). followed by crystallization from hexane to afford (2S,3R)-2-(2,4- 
difluorophenyl)-3-methyl-2(1H-l,2,4-triazol-1-yl)methyl oxirane (42 mg) as colorless needles. 

so m.p. 89-90 # C 

[ a ]23 = + 7>8 ' ( C = 1<0 in MeOH) 

'H-NMR (CDCI3) 5 : 1.65(3H,d,J = 5.6Hz), 3.20(1 H, q, J = 5.6Hz), 4.43(1 H.d.J = 14.6Hz), 4.88(1H,d,J = 14.6Hz), 
6.68~6.83(2H,m), 6.93-7.08(1 H,m), 7.82(1 H,s), 7.96(1 H,s) 
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Elemental Analysis for C12H1 iFaN 3 0: 


Caicd. : 
Found : 


C, 57.37; 
C, 56.98; 


H, 4.41; 
H, 4.40; 


N, 16.73 
N, 16.53 



This product was subjected to analysis by means of a high performance liquid chromatography (mobile 
phase : hexane - isopropanol = 9:1) using an optical isomer separating column [CHIRALCEL® OF 0.46 
cm x 25 cm, manufactured by Daicel Chemical Industries, Ltd.]. The enantiomer excess was proved to be 



Reference Example 33 

Methyl (R)-(+)-lactate (25.0 g) was dissolved in dichloromethane (250 mi), to which was added, under 
ice-cooling, p-toluenesulfonic acid 'hydrate (456 mg). To the mixture was then added dropwise 3.4-dihydro- 
2H-pyran (24.2 g) during 30 minutes, which was stirred for one hour under ice-cooling. To the reaction 
mixture was added a 5% aqueous solution of sodium hydrogen carbonate (50 ml), and the mixture was 
stirred vigorously, followed by separating the organic layer. The organic layer was further washed with a 5% 
aqueous solution of sodium hydrogen carbonate, which was dried over anhydrous magnesium sulfate, 
followed by distilling off the solvent under reduced pressure to leave methyl (2R)-2-(3.4,5,6-tetrahydro-2H- 
pyran-2-yloxy)propionate (42.7 g) as a pale yellow oily product. 



Reference Example 34 

In ethanol (510 ml) was dissolved methyl (2R)-2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propionate (42.7 
g), to which was added, under ice-cooling, a 2N solution of sodium hydroxide (170 ml), followed by stirring 
for one hour at room temperature. The reaction mixture was cooled with ice, to which was added a 26% 
aqueous solution of acetic acid (120 ml), followed by extraction with dichloromethane (200 ml) three times. 
Dichloromethane layers were combined, washed with a saturated aqueous sodium chloride solution (100 
ml) twice, and dried over anhydrous magnesium sulfate, followed by distilling off the solvent under reduced 
pressure to leave (2R)-2-(3 t 4,5,6-tetrahydrc-2H-pyran-2-yloxy)propionic acid (32 g) as a colorless waxy 
product. 

Anhydrous tetrahydrofuran (250 ml) was added to (2R)-2-(3.4,5,6-tetrahydro-2H-pyran-2-yloxy)propionic 
add (32 g). To the mixture was added by portions 1,1 -carbonyl-diimida2ole (35.8 g), with stirring at room 
temperature during 10 minutes. The resultant mixture was stirred for 30 minutes at room temperature and, 
then, cooled with ice, to which was added dropwise morpholine (38.3 g) during 15 mintues, followed by 
stirring for 15 minutes in an ice-bath. The reaction mixture was concentrated under reduced pressure, and 
the concentrate was dissolved in dichloromethane (300 ml). The solution was washed with a saturated 
aqueous solution of sodium chloride (50 ml) and dried over anhydrous magnesium sulfate, followed by 
distilling off the solvent. The residue was purified by means of a silica gel chromatography (eluent: hexane - 
ethyl acetate = 1 : 4) to afford N-((2R)-2-(3,4,5,6-teti^ydrc-2H-pyran-2-ylc^)propionyl]morpholine (25.7 

9). 

'H-NMR (CDCta) 5 : 1.39, 1.44(3H,d,J = 6.8Hz). 1 .45-1 .96(6H.m), 3.40-3.95(1 OH.rn), 4.52, 4.68- 
(1 H,q,J = 6.8Hz), 4.59-4.65(1 H.m) 

IR (film) : 2945, 2855, 1662, 1650. 1462, 1438, 1370, 1270, 1230, 1112, 1030. 980cm- 1 



Reference Example 35 

In anhydrous tetrahydrofuran (50 ml) was dissolved 1-bromo-2,4-difluorobenzene (9.69 g). To the 
solution were added, at room temperature, magnesium (turnings, 1.22 g) and a small amount of iodine, and 
the mixture was stirred vigorously for about two hours to give a 1M solution of 2.4-difluorophenyl 
magnesium bromide. This solution was diluted with 50 ml of anhydrous tetrahydrofuran. which was added 
dropwise to an anhydrous tetrahydrofuran solution (125 ml) of N-[(2R)-2-(3.4,5,6-tetrahydro-2H-pyran-2- 
yloxy)propionyl]morpholine (12.7 g) at the temperature from -30* C to -20* C during 45 minutes. After 
completion of the addition, the temperature of the mixture was raised up to 20* C during one hour. The 
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mixture was stirred for further one hour at 20 *C. The reaction mixture was cooled with ice. to which was 
added a saturated aqueous solution of ammonium chloride (40 ml), followed by extraction with ethyl 
acetate (300 ml). Th8 extract was dried over magnesium sulfate, then the solvent was distilled off under 
reduced pressure. The residue was purified by means of a silica gel chromatography (eluent hexane • ethyl 
5 acetate =10:1) to afford (2Rh2\4siifluorc-2^3 l 4 t 5 f 6-tetrahydrcH2H-pyran-2-yloxy)propiophenone (5.03 g) 
as a pale yellow oily product 

IR (film) : 3075. 2950. 2875. 1695. 1605. 1500. 1422. 1370. 1266. 1235. 1138. 1090. 1030, 970. 850cm- 1 
The optical purity of this compound was measured by the following method. 

In ethanoi (3 ml) was dissolved (2R)-2 1 4'-difluoro-2-(3.4,5.6-tetrahydro-2H-pyran-2-yloxy)- 
10 propiophenone (121 mg). to which was added pyridinium p-toluenesulfonate (25 mg), and the mixture was 
stirred for one hour at 55 "C. The solvent was distilled off under reduced pressure, and the residue was 
dissolved in ethyl acetate (20 mt). The solution was washed with water and dried over anhydrous 
magnesium sulfate, followed by distilling off the solvent The residue was purified by means of a silica gel 
chromatography (eluent hexane - ethyl acetate = 5 : 1) to give (2R)-2 # .4'-difluoro-2-hydroxypropiophenone 
js (62 mg) as a pale yellow oily product. 
[a] D + 68.7 (c-1.8 in chloroform) 

This product was subjected to analysis by means of a high performance liquid chromatography (mobile 
phase: hexane - isopro'panol = 9:1) using an optical isomer separating column [CHIRALCEL® OF 0.46 cm 
x 25 cm, manufactured by Daicel Chemical Industries, Ltd.]. The enantiomer with (2S)-configuration was not 
20 detected. 

'H-NMR (CDC1 3 ) 5 : 1.41(3H,dd,J = 7.0Hz,J = 1.6Hz), 3.74(1 H.d.J = 7.0Hz), 5.01(1H.m). 6.86~7.08(2H.m) f 
7.96-8.08(1 H.m) 

IR (film) : 3450. 1690, 1610, 1500, 1430, 1268. 1140, 1095, 1030. 980. 855cm' 1 

25 

Reference Example 36 

To dimethyl sulfoxide (50 ml) was added 60% sodium hydride (0.833 g) in mineral oil. While stirring 
the mixture at about 15* C, trimethylsulfoxonium iodide (4.80 g) was added thereto, which was stirred for 15 

30 minutes at room temperature. The reaction mixture was cooled with ice, to which was added a dimethyl 
sulfoxide solution (10 ml) of {2R)-2',4'-diftuoro-2-p,4.5.6-tetrahydro-2H-pyran-2-yloxy)propiophenone (4.90 
g). The resultant mixture was stirred for two hours at room temperature. The reaction mixture was poured 
into ice-water (120 ml), followed by extraction with ethyl acetate (150 mt. 100 ml, 100ml). Ethyl acetate 
layers were combined and washed with water (50 ml) and a saturated aqueous solution of sodium chrolide 

as (50 ml), followed by drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was purified by means of a silica gel chromatography (eluent: hexane - ethyl 
acetate = 10 : 1) to afford 2-[(1RH-(3,4,5,6-tefrahydro 
(4.70 g) as a pale yellow oily product ' 

'H-NMR (CDC1 3 ) 5 : 1.10-1,30(3H,m), 1.40-1.95(6H,m). 2.83(1 H,m), 3.05. 3.32(1 H.d.J = 5.2Hz), 3.42-3.60- 
40 (1 H.m), 3.76-4.14(2H,m) t 4.76, 4.93(1 H,m), 6 J2-6.95(2H,m), 7.32-7.60(1 H,m) 

IR (film) : 2950. 1618. 1600. 1510, 1425. 1270. 1140, 1120. 1075, 1020, 990, 985. 850cm- 1 



Reference Example 37 

45 

In dimethylformarnide (50 mt) was dispersed 60% sodium hydride (2.64 g) in mineral oil. to which was 
added, under ice-cooling, triazole (6.84 g), and the mixture was stirred for 15 minutes. To the mixture was 
added a dimethylformarnide solution (10 ml) of 2^(1RH-(3,45.6-tetrahyd 

difluorophenyl)oxirane (4.7 g). The resultant mixture was heated for 3 hours at 80 *C. The reaction mixture 
so was cooled, which was then poured into cold water (200 ml), followed by extraction with ethyl acetate (150 
ml) three times. Ethyl acetate layers were combined, washed with water (100 ml x 3) and a saturated 
aqueous solution (100 mt) of sodium chloride successively, and dried over anhydrous sodium sulfate, 
followed by distilling off the solvent The residue was purified by means of a silica gel chromatography 
(eluent dichloromethane - ethyl acetate - acetone = 6 : 1 : 1) to afford (3R)-2-(2,4-difluorophenyl>-3- 
55 (3,4.5,6-tetrahydro-2H-pyran-2-yloxv)-1-(1 H-1 ,2,4-triazoM-yl)-2-butanol (4.4 g) as a colorless viscous oil. 
'H-NMR (CDCI3) 6 : 0.99, 1.12(3H,d,J=»6.4Hz), 1.40-2.QO(6H,m), 3.40-3.65(1 H,m), 3.80-4.06(1 H,m). 
4.25-4.45(1 H,m), 4.29(1H,S). 4.62(1 H.d.J = 14.2Hz), 4.71(1H,m), 4.90(1 H.d.J = 142Hz), 6.65-6.83(2H,m), 
7.35-7.50(1 H,m), 7.71 . 7.72(1 H,s). 7.91 . 7.94(1 H.S) 
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Reference Example 38 

In ethanol (50 ml) were dissolved (3R)-2-(2,4^ifluorophenyl)^ 
(lH-1.2,4-triazoM-yl)-2-butanol (4.4 g) and pyridinium p-toiuenesulfonate (0.93 g). The solution was stirred 

s for two hours at 55 *C. to which was further added pyridinium p-toluenesulfonate (0.20 g), followed by 
stirring for further two hours at 55* C. The reaction mixture was cooled, then the solvent was distilled off. To 
the residue was added ethyl acetate (250 ml), which was washed with water (50 ml) and a saturated 
aqueous solution of sodium chloride (50 ml) successively. The ethyl acetate layer was dried over 
anhydrous magnesium sulfate, then the solvent was distilled off under reduced pressure. To the residue 

10 was added ethyl ether, then precipitating crystals were collected by filtration to give (2R,3R)-2-(2,4- 
difluorophenylJ-HIH-l^triazol-l-yiKS^utanediol (1.37 g). 
m.p. 115-117* C 

[a] D = -80.3 ' C (c = 1 .0 in methanol) 

'H-NMR (CDCla) 5 : 0.97(3H,d,J = 6.4Hz), 4.33<1H,m), 4.82(2H,s) I 6.69-6.82(2 H,m). 7.35-7.48(1 Km), 7.84- 
is (1H,s). 7.85(1 H,s) 



Reference Example 39 

20 In a mixture of ethyl acetate (40 ml) and dichloromethane (10 ml) was dissolved (2R,3R)-2-(2,4- 
difluorophenyl)-1-(1H-lZ4-triazol-l-yl)-2,3-butanediol (1.25 g). To the solution were added, under ice- 
cooling, triethylamine (0.84 ml) and methanesul/onyl chloride (0.48 ml), which was stirred for 30 minutes 
at room temperature. To the reaction mixture was added ethyl acetate (50 ml), which was washed with 
water, dried (anhydrous magnesium sulfate) and concentrated to give (2R.3R)-2-(2,4-difiuorophenyl)-3- 

25 methanesulfonyloxy-l-(lH-i,2.4-triazoM-ylh2-butanol as an oily product. The product was dissolved in 
methanol (40 mt), to which was added a 28% methanol solution of sodium methyiate (1.16 mt) under ice- 
cooling. The mixture was stirred for 30 minutes at room temperature. The reaction mixture was con- 
centrated under reduced pressure to a volume of about 10 mt. To the concentrate was added ethyl acetate 
(100 ml), and the mixture was washed with water, then dried (anhydrous magnesium sulfate), followed by 

30 distilling off the solvent under reduced pressure. The residue was purified by means of a silica gel 
chromatography (efuent: ethyl acetate -dichloromethane = 4:1), which was then recrystallized from a 
mixture of ethyl acetate and hexane to afford (2R,5S)-2-<2 l 4-difluorophenyl)-3-melhyh2-[(1H-1,2.4-tria2ol-1- 
yl)methyl]oxirane (520 mg) as colorless needles, 
m.p. 89-90 # C 

35 [a D p = - 8.3 * (c = 1 .0 in MeOH) 

1 H-NMR (CDCl 3 ) 5 : 1 .65(3H,d, J « 5.6Hz), 3.20(1 H,q,J =» 5.6Hz), 4.43(1 H,d,J»14.6Hz), 4.88(1 H,d,J - 14.6Hz), 
6.68-6.83(2H,m), 6.93-7.08(1 H.m), 7.82(1 H,s), 7.97(1 H,s) 



40 


Elemental Analysis for CiaHi ,F 2 N30: 


Calcd. : 


C, 57.37; 


H, 4.41; 


N, 18.73 




Found : 


C, 57.27; 


H, 4.43; 


N, 16.83 



This product was subjected to analysis by means of a high performance liquid chromatography (mobile 
phase: hexane - isopropyl alcohol = 9:1) using an optical Isomer separating column [CHIRALCEL® OF 
0.46 cm x 25 cm, manufactured by Oaicel Chemical Industries. Ltd.] The enantiomer excess was proved to 
be 99.2%. 

50 

Reference Example 40 

A mixture of methyl (R)-lactate (104 g) and morpholine (260 ml) was heated for 60 hours at 85* C. The 
reaction mixture was concentrated under reduced pressure, and the concentrate was purified by means of a 
55 silica gel chromatography (silica gel 800 g, eluent hexane - ethyl acetate * 1 : 1 — etyl acetate) to give N- 
[(2R)-2-hydroxypropionyl]morpholine (141 g) as a pale yellow oily product. 

'H-NMR (CDClj) S : 1 .34(3H,d.J = 6.6Hz), 3.43(2H,t,J = 4.8Hz), 3.55-3.80(6H,m), 3.79(1 H,d). 4.45(1 H.m) 
[a] D = + 0.98* (c = 5.24inCHCl 3 ) 
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Reference Example 41 

To a dichloromethane (500 ml) solution of N-[(2R)-2-hydroxypropionyl]moroholine (141 g) was added 
p-toluenesulfonic acid mono hydrate (1.67 g). To the mixture was added dropwise (30 minutes) 3,4-dihydro- 

5 2H-pyran (89.3 g) under ice-cooling, which was stirred for 30 minutes at room temperature. The reaction 
mixture was washed with a 5% aqueous solution of sodium hydrogen carbonate (150 ml x 2), which was 
dried (magnesium sulfate), then the solvent was distilled off under reduced pressure. The residue was 
purified by means of a silica gel chromatography [silica gel 800 g. eluent: hexane - ethyl acetate = 8:1 — 
ethyl acetate] to give N-((2Rh2^3.4,5.6-tetrahydro-2^ (184 g) as a pale 

w yellow oily product. 

'H-NMR (COCls) S : 1.39. 1 .44(3H.d J = 6.8Hz), 1 .40-1 .95(6H.m), 340-3.95(1 0H.m). 4.48-4.75(24,m) 
[o] 0 =» + 34.9* (c = 6.3 in CHCia) 



75 Reference Example 42 

The mother liquor, which was left when (2RS.3RSh2-(2.4-difluorophenylH-(1H-1 t 2.4^riazol-1-yl)-2.3- 
butanediol was obtained by recrystallization in Reference Example 24, was subjected to distillation under 
reduced pressure. The residue was purified by means of a silica gel column chromatography (ethyl acetate 
20 : methanol = 30 : 1) to afford (2RS,3SR)-2-(2.4-difluorophenyl)-1-{1H-1.2.4-triazol-1-yl)-2,3-butanediol as the 
first fraction of eluate, which was recrystallized from methanol to give colorless prisms (1 .9 g) of 98% purity 
as diastereomer. 
m.p. 146-148* C 

'H-NMR (CDCX3) 5 : l26(3H,d.J = 5.8Hz), 2.41-2.52(1 H,m), 3.92-4.07(1 H.m). 4.57(1 H,d,J* 14Hz), 5.03- 
25 (1H,s). 5.04(1 H,d.J = 14Hz), 6.68-6.87{2H,m), 7.50-7.68(1 H,m), 7.79(1 H.s), 8.05(1 H.s) 





Elemental Analysis for CiaHta^t^; 




Caicd. : 


C, 55.53; 


H, 4.87; 


N, 15.61 


30 


Found : 


C, 53.70; 


H, 4.97; 


N, 15.59 



Reference Example 43 

In the similar manner to that described in Reference Example 25, (2RS,3SR)-2-(2,4<iifluorophenyl)-1- 
(IH-l^^triazoM-yiy^S-butanediol (1.1 g) obtained in Reference Example 42 was allowed to react with 
methanesulfonyf chloride (0.35 ml), followed by treatment with a 28% sodium methylate methanol-solution 
to afford (2RS f 3RS)-2-(2.4^ifiuorophenyl)-3-memyl-2-(1H-U.4-triazol-1-yl)methyl oxirane. The product was 
purified by means of a silica gel column chromatography (ethyl acetate : methylene chloride = 4 : 1) to 
give a yellow oily product (0.8 g). 

1H-NMR (CDC to) 5 : 1.06(3H,d,J = 5.4Hz), 3.18(lH,q,J = 5.4. 1 0.7Hz), 4,42(1 H,d.J = 15.Hz), 4.81- 
(1H,d,J = 15Hz). 6.76-6.92(2H,m). 7.07-7.20(1 H,m), 7.86(1 H,s), 8.07(1 H,s) 



Reference Examples 44-50 

By the same manner as Reference Example 12, imidazole-2-carboxyaldehyde was allowed to react with 
the alkylating agent shown in Table 8 (Step 1), then the product was subjected, without purification, to the 
reduction with sodium borohydride (Step 2), followed by chlorination with thionyl chloride (Step 3) to give a 
2-chloromethyl imidazole derivative (Table 8). 
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Table 8 



Ref .Ex. No. 


Starting Material 


Product 


44 


Step 1 
Imidazole-2- 
carboxyaldehyde 
(2.0g) 

Ethyl iodide 
(2.5ml) 

Step 2 

Sodium borohydride 
(0.23g) 

Step 3 

1- Ethylimidazole- 

2- methanol (0.80g) 
Thionylchloride 
(8.0ml) 


1- Ethylimidazole-2-raethanol 
(1.6g) 

mp, 80-83°C (colorless 
plates) 

1H-NMR(CDC13)5: 
1.44(3H,t,J=7.4Hz), 
4.07(2H,q,J=7.4Hz), 
4.63(2H,s), 6.30(lH,br.s), 
6.85(2H,s) 

2 - Chi o r ome thy 1 - 1 - 
ethylimidazole 
hydrochloride (l.lg) 

mp. 130-135°C (colorless 
plates ) 

lH-NMR(DMSO-d € )S: 
■1.44(3H,t,J=7.0Hz), 
4.27(2H,q,J=7.0Hz), 
5.26(2H,s), 
7.70(lH,d, J=0..8Hz), 
7.92(lH,d,J=*1.8Hz) 


45 


Step 1 
lmidazole-2- 
carboxyaldehyde 
(2.0g) 

Isopropyl iodide 
(3.1ml) 

Step 2 

Sodium borohydride 
(0,23g) 

Step 3 

1-Isopropyl- 
iraidazole-2- 
methanol (0.80g) 
Thionylchloride 
(8.0ral) 


1- lsopropylimidazole-2- 
methanol ( 1 . 6g ) 

mp. 85-87°C (colorless 
plates) 

1H-NMR(CDC1 3 )8: 
1.45(6H,d, J=6.6Hz), 
4.65(lH,sep. ,J=»6.6Hz) , 
4.65(2H,s), 6.40(lH,br.s) 
6.85(lH,d,J=1.2Hz) r 
6 91 fiscal 

2- Chloromethyl-l- 
isopropylimidazole 
hydrochloride (l.lg) 

mp, 124-130°C (colorless 
plates) 

lH-NMR(DMSO-d 6 )8: 
1.49(6H,d,6.6Hz), 
4.82(lH,sep. ,6.6Hz) , 
5.28(2H,s), 
7.8i(lH,d,J=2.QHz) , 

8.08(lH,d,J=2.0HZ), 
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Ref .Ex.No. 


Starting Material 


Product 


46 


Step 1 
lmidazole-2- 
carboxyaldehyde 
(2.0g) 

2-Fluoroethyl-p- 
toluenesulfonate 
(5-5g) 

Step 2 

Sodium borohydride 
(0.20g) 

Step 3 

1- { 2-Fluor oethyl ) - 
imi.dazole-2- 
methanol (0.40g) 
Thionylchlor ide 
(3.0ml) 


1- (2-Fluoroethyl)- 
imida2ole-2-raethanol 
(l-4g) 

mp. 65-66°C (colorless 
prisms) 

1H-NMR(CDC13)8: 4.25- 
4.86{4H r m) r 4.65(2H,s), 
5.70(lH,br.s) , 
6.86(lH,d,J=1.4H2) , 
6.95(lH,d, J=1.4H2) 

2- Chloromethyl-l- ( 2- 
f luoroethyl ) imida2ole 
hydrochloride ( 0 . 44g) 
mp. 146-147°C (in sealed 
tube) (colorless needles) 
lH-NMR(DMSO-d 6 )8: 4.56- 
4.98(4H,m), 5.23(2H,s), 
7.79(lH,d,J=2.0Hz) r 
7.33(lH,s) 


47 


Step 1 

lmidazole-2- 

carboxyaldehyde 

(2-0g) 

2,2,2- 

Trif luoroethyl p* 

toluenesulfonate 

(5.8g) 

Step 2 

Sodium borohydride 
(0.23g) 

Step 3 

l-<2,2,2- 

Tr if luoroethyl ) imi 

dazole-2-methanol 

(0.8g) 

Thionylchlor ide 
(8.0ml) 


1- <2,2,2- 

Tr if luoroethyl ) imidazoles- 
methanol (1.2g) 
mp. 81-82°C (colorless 
prisms) 

1H-NMR(CDC13)8: 4.6- 
4.8(4H,m), 6.G(lH,br .s) , 
6.89(lH,d,J»1.4H2), 
6.94(lH,s) 

2- ( Chlorome thy 1 ) -1- ( 2 , 2 , 2- 
tr if luoroethyl ) imidazole 
hydrochloride (G.9g) 

mp. 163-166°C (in sealed 
tube) (colorless needles) 
XH-NMR(DMS0-d 6 )5: 
5.26(2H,s), 
5.50(2H,q,J=8.8H2) , 
7.80(lH,s), 7.84(lH,s) 
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Ref .Ex. No* 


Starting Material 


Product 


48 


Step 1 

Imidazole-2- 

carboxyaldehyde 

<2.0g) 

Cyclopropylmethyl- 
bromide (3.3g) 

Step 2 

Sodium borohydride 
(0.26g) 

Step 3 

1-Cyclopropyl- 
methylimidazole-2- 
methanol (0.80g) 
Thionylchloride 
(8.0ml) 


1- Cyclopropylmethyl- 
imidazole- 2-methanol ( 2 . Og ) 
mp. 76-77°C (colorless 
plates) 

1H-NMR(CDC1 3 )8: 0.33- 
0.70{4H,m), l.l-1.3(lH,m) , j 
3.89{2H,d,J=7.0Hz) , 
4.63(2H,s), 6.85(lH,s), 
6.90(lH,s), 6.98(lH,s) 

\ 

2- Chloromethyl-l- 
cyclopropylmethylimidazole 
hydrochloride (0.9g) 

mp. 129-132«C (colorless 
plates) 

lH-NMR(DMSO-d 6 )8: 0.48- 

0.65(4H,m), 1.27- 

1.41(lH,m), 

4.13(2H,d, j=7.4Hz), 

5.25(2H,S), 

7.78(lH,d,J=1.8Hz), 

7.9^(lB,d # Jal«8B8) 


49 


Step 1 
Imidazole-2- 
carboxyaldehyde * 
(2.0g) 

2,2-Dif luoroethyl 
p-toluenesufonate 
(5.9g) 

Step 2 

Sodium borohydride 
(0.3g) 

Step 3 
l-(2,2- 

Dif luoroethyl) imid 

azole-2-methanol 

(0.80g) 

Thionyl chloride 
(8.0ml) 


1- (2,2-Difluoroethyl)i2nidazole-2- 
methanol (L6g) 

mp. 97-100°C (colorless 
needles) 

lH-NMR(DMSO-d 6 )8: 4.44- 

4.62(4H,m), 

5.44(lH,t,J=5.6Hz), 

6.31(lH,t,J*55.4Hz,t,J=3.2H 

z), 6.82(lH,d,J=1.2Hz), 

7.14(1H,S) 

2- Chloromethyl-l- ( 2 , 2- 
dif luoroethyl ) imidazole 
hydrochloride (l.Og) 

mp. 107-108°C (colorless 
prisms) 

!H-NMR(DMSO-d6)8: 

4.91(2H,d,J=3.2Hz,t,J=15.4H 

z), 5.25(2H f s), 

6 . 5 5 ( 1H , t , J- 54Hz , t , J=3 . 2Hz ) 

, 7.81(lH,s), 7.82(lH,s 
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Ref .Ex. No. 


Starting Material 


Product 


50 


Step 1 
Iraidazole-2- 
ca r boxyaldehy de 
(l.Og) 

1, 3-Dif luoro-2- 
propyl p- 
toluenesufonate 
(2.6g) 

Step 2 

Sodium borohydride 
(0.20g) 

Step 3 

3-Difluoro-2- 
propyl) imidazole- 
2-methanol (0.14g) 
Thionyl chloride 
(0.8ml) 


1- (l,3-Difluoro-2- 

propyl ) imidazole-2-raethanol 
(0.14g) : 

mp. 104-106'C (colorless 
plates) 

1H-NMR(CDC13)8: 4.68(4H,S), 
4.8-5.1{3H,m), 
6.88(lH,d,J=1.4Hz) ,7.06(1H, 
s) 

2- Chloromethyl-l- (1,3- 

dif luoro-2-propyl ) imidazole 
hydrochloride (0.14g) 
mp. 191-194°C (in sealed 
tube) (colorless plates) 
lH-NMR(DMSO-d 6 )8: 4.8- 
5.5(7H,m), 
7.81(lH,d,J=2.0Hz), 
8.00(lH,s) 



30 

Reference Example 51 1 

To an ethanol {100 ml) solution of 3Kr>methoxybenzylthio)propionaldehyde (5.7 g) was added a 40% 
aqueous solution of glyoxal (4.3 g), to which was further added a 30% aqueous solution of ammonia (4.1 

35 ml) at -10" C. The mixture was stirred for one hour at room temperature, to which were added a 40% 
aqueous solution of glyoxai (4.0 ml) and a 30% aqueous solution of ammonia (4.1 ml), then the resultant 
mixture was stirred for further one hour. The reaction mixture was concentrated under reduced pressure. 
The concentrate was acidified with hydrochloric acid, which was washed with methylene chloride (30 ml x 
2). The aqueous layer was adjust to pH 8 with an aqueous solution of sodium hydroxide, which was 

40 subjected to extraction with methylene chloride (30 ml x 3). The solution was dried over anhydrous sodium 
sulfate, which was concentrated under reduced pressure. To the concentrate was added a mixture of 
ethanol and ethyl acetate, whereupon 2-[2-(r>methoxyben2ylthio)ethyl]-imida2ole (2.7 g) was separated out 
as crystals. The mother Gquor was subjected to a silica gel column chromatography (3 cm x 15 cm), eluting 
with methanol - methylene chloride (1 : 9). The desired fraction was concentrated under reduced pressure 

45 to yield 1.1 g of product as crystals, 
m.p. 116-118* C (colorless plates) 

'H-NMR (DMSOds) 5 : 2.68(2H,t.J = 7.0Hz), 2.85(2H,t.J = 7.0Hz). 3.65(2H.s). 3.73(3H,s) f 6.87- 
(2H.d.J = a8Hz). 7.23(2H.d,J=8.8H2), 6.7-7.1 (2H;br.). 1 1 .73(1 H.br.) 



Elemental Analysis for C13H16N2OS: 


Calcd. : 
Found : 


C. 62.87: 
C. 62.86; 


H. 6.49; 
H. 6.45; 


N, 11.28 
N, 11.29 



55 

To a dlmethylformamide (15 ml) solution of 2-[2-(p-methoxybenzylthio)ethyl]imidazole (1.5 g) was 
added 60% sodium hydride (0.29 g) In mineral oil at 0*C. To the mixture. was added, 15 minutes later, 
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methyl iodide (0.41 ml) at -20* C. followed by stirring for 10 minutes- The reaction mixture was poured into 
water (60 mt), which was subjected to extraction with methylene chloride (20 ml x three times). The 
organic layer was washed with water (20 mt), dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The concentrate was subjected to a silica gel chromatography (3 cm x 15 cm), eluting 

5 with methanol - methylene chloride (5 : 95). The desired fraction was concentrated under reduced pressure 
to afford 1-methyl-2-[2-(p-methoxybenzylthio)ethyl]imida20le (1.6 g) as a colorless oily product 
1 H-NMR (CDC1 3 ) 5 : 2.8-2.95(4H,m). 3.54(3H.s), 3.65(2H,s), 3.79(3H.s). 6.78(1H.d.J = 1.4Hz), 6.54- 
(2H f d,J = 8.6Hz), 6.94(1 H.d.J = 1 .4Hz), 7.24(2H,d,J = 8.6Hz) 

In a mixture of trifluoroacetic acid (25 mt) and anisole (10 mi) was dissolved 1-methyl-2-[2-(r> 

w methoxybenzylthio)ethyl]imidazoie (1.4 g). To the solution was added mercury(ll) acetate (1.9 g) at 0'C, 
and the mixture was stirred for one hour and 45 minutes. The reaction mixture was concentrated under 
reduced pressure. To the concentrate was added petroleum ether (50 ml). The supernatant was removed. 
To the precipitate was added diethyl ether (30 ml) followed by filtration to give white powder (2.6 g). This 
powder (1.0 g) was dissolved in N.N-dimethyl formamide (5.0 ml), into which was bubbled hydrogen sulfide 

js for 10 minutes at 0*C. Into the reaction mixture was bubbled nitrogen to remove excess volume of 
hydrogen sulfide. Insoluble substances were filtered off. and the filtrate was concentrated under reduced 
pressure to afford 1-methyl-2-(2-mercaptoethyl)imidazole (0.5 g) as a colorless oily product 
'H-NMR (DMSO-de) 5 : 2.74(1 H.t,J = 7.0Hz), 2.88(2H,d.J =7.0Hz.d,J = 12Hz), 3.1~3.4(2H,m), 3.82(3H,s), 7.61- 
(1 H,d,J = 2.0Hz), 7.63(1 H,d.J = 2.0Hz) 

20 

Reference Example 52 

To a methanol (31 ml) solution containing a 37% aqueous solution of formaldehyde (8.9 g) and a 40% 

25 aqueous solution of giyoxal (16 g) was added, with stirring under ice-cooling, a methanol (5.0 ml) solution 
containing cyclopropylamine (6.3 g) and a 28% aqueous solution of ammonia (7.6 g), during 25 minutes. 
The resultant mixture was stirred for one hour at 0* C, which was concentrated under reduced pressure to a 
volume of about 10 mt. Insoluble substances were filtered off. To the firtrate was added water (200 ml). 
The aqueous solution was washed with hexane (100 ml x 4) and then with a mixture of hexane (50 ml) and 

30 diethyl ether (30 ml). The resultant aqueous solution was saturated with sodium chloride, which was 
subjected to extraction with ethyl acetate (100 mt x 8). The ethyl acetate layer was washed with a saturated 
aqueous solution of sodium chloride (50 mt), whitf* was dried over anhydrous magnesium sulfate, followed 
by distilling off the solvent under reduced pressure to give crude 7-cyclopropyl imidazole (4.2 g) as 
colorless powder. A mixture of this crude product (3.5 g) and paraformaldehyde (3.0 g) was heated for 30 

35 minutes at 170* C. to which was further added paraformaldehyde (2.0 g), and the mixture was heated for 20 
minutes at 170* C. To the resultant mixture was further added paraformaldehyde (2.0 g), which was heated 
for 20 minutes at 170* C. The reaction mixture was cooled with ice and dissolved in methanol (20 ml), to 
which was added a saturated aqueous solution of sodium chloride (20 ml), followed by extraction with ethyl 
acetate (40 ml x 2). The ethyl acetate layer was dried over anhydrous magnesium sulfate, followed by 

40 concentration under reduced pressure. The concentrate was subjected to a silica gel chromatography (3 x 
15 cm), eluting with methanol - dichloromethane (1 : 9), then the desired fraction was concentrated under 
reduced pressure. To the concentrate was added a mixture of ethyl acetate and diethyl ether to yield 1- 
cyclopropyl-2-hydroxymethylimidazoIe (0.7 g) as colorless crystals. This compound (0.7 g) was added to 
thionyl chloride (7 ml) at 0* C. which was stirred for 5 minutes. Then the reaction mixture was refluxed for 

45 15 minutes. Excess thionyl chloride was distilled off under reduced pressure. To the residue was added 
diethyl ether, and the powder was collected by filtration, which was recrystallized from a mixture of ethanol 
and diethyl ether to afford 1-cyc(opropyf-2-chloromethylimidazole hydrochloride (0.75 g). 

1 -Cyclopropy l-2-hydroxymethylimidazole 
m.p. 90-95* C (colorless needles) 

so 'H-NMR (CDCl 3 ) 5 : 0.9-1 .2(4H.m). 3.25-3.40(1 H,m>, 4.76(2H,s), 5.9(1H,br.), 6.86(2H,s) 





Elemental Analysis for C7H1QN2O: 




Calcd. : 


C, 60.85; 


H. 7.29; 


N, 20.27 


56 


Found : 


C, 60.83: 


H. 7.29; 


N, 20.24 



1 -Cyclopropyl-2-chloromethylimidazole hydrochloride 
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m.p. 100-101 # C (colorless prisms) 

'H-NMR (DMSC^dc) « : 1.1~1.3(4H,m). 3.65-3.80(1 H.m), 5.21 (2H,s), 772(1 H.d.J o2.0Hz), 7.80- 
(1H,d.J = 2.0Hz). 



Elemental Analysis for C/HsCllVHCt: 


Calcd. : 
Found : 


C. 43.55; 
C. 43.61; 


H. 5.22: 
H.5.22; 


N, 14.51 
N, 14.37 



Reference Example 53 

To a methanol (50 ml) solution of glycolic acid hydrazide (5.0 g) was added cyclopropyl isothiocyanate 
(5.5 g) at 20* C. The mixture was stirred for one hour, to which was then added water (30 ml) at 0* C. To 
the resultant mixture was added dropwise a 5N aqueous solution of NaOH (11 ml), the temperature of 
which was raised to 20 *C, followed by stirring for 3 hours. The reaction mixture was concentrated under 
reduced pressure to make its volume about 10 ml. The concentrate was diluted with ethanol (100 ml), to 
which was added dropwise a 5N aqueous solution of HCt (11 ml) under Ice-cooling. Insoluble substances 
were filtered off. and the filtrate was concentrated to dryness under reduced pressure to give crude crystals 
(6.4 g) of *4-cyclopropyl-5-hydroxymethyl-3-mercapto-4H-1,2,4-tria2ole. This compound (3.0 g) was added to 
a mixture of concentrated nitric acid (d = 1.38) (4.6 ml), water (12 ml) and sodium nitrite (10 mg) at 60* C. 
Then, concentrated nitric acid (1.0 ml) was added. When a portion of nitric acid was contacted with small 
amount of a triazole compound on the inside wall of the reaction vessel, the reaction started and the 
reaction temperature reached 90'C-100*C. then the reaction was completed. The reaction mixture was 
cooled with ice, neutralized with an aqueous solution of NaOH, and concentrated under reduced pressure. 
The concentrate was subjected to a silica gel chromatography (3 x 10 cm), eluting with methanol - 
dichforomethane (1:4). The desired fraction was concentrated to give 4-cyclopropyl-3-hydroxymethyl-4H- 
1,2.4-triazole (2.0 g). This product (1.0 g) was added to thionyl chloride (10 ml) at 0* C, which was refluxed 
for 20 minutes. The mixture was cooled, then excess volume of thionyl chloride was distilled off under 
reduced pressure. To the residue was added diethyl ether, and the resulting powder was collected by 
filtration. This product was recrystallized from a mixture of ethanol and ethyl acetate to give 4-cyclopropyl- 
3-chloromethyM .2,4-triazole hydrochloride (1 .34 g). 

^Cyclopropyl-S-hydroxymethyl-S-mercapto^H-l^^triazole 
m.p. 159-160* C (Colorless prisms) 

'H-NMR (DMSO-d 6 ) S : 1.0-1 .2(4H.m). 2.9-3.0(1 H.m). 3.37(1H,br.), 4.51(2H.s), 5.60<lH.br.) 



Elemental Analysis for CgHgNaOS: 


Calcd. : 
Found : 


C, 42.09; 
C. 42.11; 


H.5.30; 
H. 5.34; 


N, 24.54 
N, 24.50 



4-Cyclopropyl-3-hydroxymethyl-4H-1.2 t 4-triazole 
1 H-NMR (DMSO-ds) 5 : 1.01(4H,d,J = 5.4Hz), 3.3-3.5(1 H,m), 4.64(2H,d.J = 5.8Hz), 5.50(1 H.t,J = 5.8Hz), 8.42- 
(1H,s) 

SIMS (m/z): 140 (MH) 

4-Cyclopropyi-3-chloromethyi-4H-1 ,2.4-triazole hydrochloride 
m.p. 60-65* C (Colorless needles) 

'H-NMR (DMSO-ds) 5 : 1 .0-1 .3(4H,m). 3.5-3.7(1 H.m). 5.12 (2H,s). 9.51 (1H,s) 
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Elemental Analysis for 






CsHsClNa'HCfO.S^O: . 




Calcd. : 


C, 35.49; 


H, 4.96; 


N, 20.69 


Found : 


C. 35.86; 


H, 4.55; 


N, 20.30 



Reference Example 54 

A mixture of ethyl bromopyruvate (6.82 g). 2,2,2-trifluorothioacetamide (4.52 g) and ethanoi (30 ml) was 
refluxed for 3 hours. The reaction mixture was cooled, then ethanol was distilled off under reduced 
pressure. To the residue was added water (40 ml), which was subjected to extraction with ethyl acetate (60 
mt x 2). The extract solution was washed with water (40 ml) and dried over magnesium sulfate, then the 
solvent was distilled off under reduced pressure. The residue was subjected to a silica gel chromatography 
(2.5 x 45 cm), eluting with ethyl acetate - hexane (1 : 5). The desired fraction was concentrated to give ethyl 
2-trrfluoromethyl-4-thiazolecarboxylate (2.2 g) as pale yellow needles. 
'H-IMMR (CDC 1 3) 5 : 1.43(3H.t.J = 7Hz), 4.48(2H.q, J = 7Hz), 8.40(1 H,s) 

To anhydrous ether (40 ml) was added lithium aluminium hydride (0.33 g). To this mixture was added 
dropwise an anhydrous ether (20 ml) solution of ethyl 2-trifluoromethyl-4-thiazole carboxylate (2 g). The 
mixture was stirred for 3 hours at room temperature. To the reaction mixture was added dropwise water (20 
mt) under cooling with ice to decompose excess amount of the reducing agent To the resultant reaction 
mixture were added ethyl acetate (50. ml) and water (25 ml), which was subjected to extraction with ethyl 
acetate. The organic layer was washed with water (25 ml) and a saturated aqueous solution of sodium 
chloride (25 ml) successively, followed by drying over magnesium sulfate. The solvent was distilled off, 
and the residue was subjected to a silica gel chromatography (2.5 x 30 cm), eluting with ethyl acetate - 
hexane (3 : 1). The desired fraction was concentrated to give 2-trifluoromethyl-4-hydroxymethylthia20le (1.1 
g) as a pale yellow oily product. 

1 H-NMR (COCI3) 5 : 2.50(1H,bs), 4.87(2H,d,J = 5Hz). 7.50(1H,s) 

In chloroform (10 ml) was dissolved 2-trifluorpmethyl-4-hydroxymethyithiazole (1 g),vto which was 
added dropwise thionyl chloride (2.0 mt). The mixture was refluxed for 4 hours. The reaction mixture was 
cooled and, then, excess volume of thionyl chloride was distilled off under reduced pressure. To the residue 
was added dichloromethane (30 ml), which was washed with an aqueous solution of sodium hydrogen 
carbonate (20 ml) and water (20 ml), successively, followed by drying over magnesium sulfate. The 
solvent was distilled off. and the residue was subjected to a silica gel chromatography (2.5 x 20 cm), eluting 
with ethyl acetate - hexane (1 : 3). The desired fraction was concentrated to give 2-trifluoromethyl-4- 
chloromethyl thiazole (0.66 g) as a paJe reddish oily product. 
*H-NMR (CDC l 3 ) 5 : 4.62(2H,s) i 7.57(1 H.s) 



Reference Example 55 

A mixture of ethyl bromopyruvate (3.6 g) ( cyclopropanethioamide (22 g) and ethanol (30 ml) was 
refluxed for two hours. The reaction mixture was cooled, then ethanol was distilled off under reduced 
pressure. To the residue was added water (30 ml), which was subjected to extraction with ethyl acetate (50 
ml) twice. The extract solution was washed with water (30 ml), followed by drying over magnesium sulfate. 
The solvent was distilled off under reduced pressure. The residue was subjected to a silica gel chromatog- 
raphy (2.5 x 30 cm), eluting with ethyl acetate - hexane (1 : 3). The desired fraction was concentrated to 
give ethyl 2-cyclopropyl-4-thiazolcarboxylate (0.84 g) as pale yellow needles. 

'H-NMR (COCI3) 3 : 1.01-1.24(48,01). 1 .40(3H,t, J = 7Hz), 2.32-2.50(1 H,m). 4.41(2H,q,J = 7Hz), 7.95(1H,s) 

To a mixture of lithium aluminium hydride (0.32 g) and anhydrous ether (40 ml) was added dropwise 
an anhydrous ether (10 ml) solution of ethyl 2-cyciopropyl-4-thiazolecarboxylate (1.65 g), followed by 
stirring for one hour at room temperature. To the reaction mixture was added dropwise water (20 ml) under 
cooling with ice to decompose excess amount of the reducing agent To the resultant mixture were added 
ethyl acetate (50 ml) and water (25 ml), followed by extraction with ethyl acetate. The organic layer was 
washed with water (25 ml) and a saturated aqueous solution of sodium chloride (25 mt). successively, 
followed by drying over magnesium sulfate. The solvent was distilled off, and the residue was subjected to 
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a silica gel chromatography (2.5 x 30 cm), eluting with ethyl acetate - hexane (2:1). The desired fraction 
was concentrated to give 2-cydopropyl-4-hydroxy methyl thiazole (0.94 g) as pale yellow needles. 
'H-NMR (CDCt 3 ) 5 : 0.98-1 .18(4H.m) l 2.24-2.39(1 H f m), 3.20(1 H,bs.). 4.70(2H,d,J = 5Hz), 6.93(1 H,s) 

In chloroform (10 ml) was dissolved 2-cyclopropyf-44iydroxymethylthia2ole (0.9 g), to which was added 
5 dropwise, under ice-cooling, thionyl chloride (0.68 ml), followed by stirring for 30 minutes at room 
temperature. Excess thionyl chloride was distilled off under reduced pressure. To the residue was added 
diethyl ether to yield 2-cyclopropyM*chloromethyl thiazole hydrochloride (1.1 g) as paJe brown powder. 
m.p. 108-110* C 

'H-NMR (ds-DMSO) 5 : 0.93-1 .18(4H,m). 2.32-248(1 H,m), 4.72(2H,s), 7.47(1H,s) 

10 

Reference Example 56 

The mother liquor, which remained when (2R.3R)-2-(2,4-difluorophenyl)-l-(1H-1,2,4-triazole-1-yl)-2,3- 
75 butanediol was obtained by recrystallization in Reference Example 31, was concentrated under reduced 
pressure. The concentrate was purified by means of a silica gel chromatography (eluent ethyl acetate) to 
give (2S,3Rh2-(2 f 4KJifluorophenyl>-1-(1H-12,4-triazol-1-yl)-2 f 3-butanediol as the first fraction of eluate. 
m.p. 154-156" C 

'H-NMR (CDCl 3 ) S 1.27(3H,dd,J=6.4HzJ = 1.6Hz), 2.44(1 H.d,OH), 3.99(1H.m). 4.56- 

20 (1H,dd.J = 14Hz,J = 1.6Hz), 5.05(1 H.dd,J = 14Hz.1.6Hz), 6.65-6.86(2H,m), 7.50-7.62(1 H,m), 7,80(1H,s), 8.05- 
(1H,s) 

IR (KBr) cm* 1 : 3400, 1615, 1500, 1420, 1275, 1200, 1135. 



25 Reference Example 57 

In ethyl acetate (40 ml) was dissolved (2S,3R)-2-(2.4-difluorophenyl)-1-(1H-l,2,4-triazol-1-yi)-2,3^ 
butanediol (2.5 g). To the solution were added, under Ice-cooling, triethylamine (1.82 ml) and methanesul- 
fonyl chloride (1.51 g). The mixture was stirred for 30 minutes at room temperature. To the reaction mixture 

30 was added ethyl acetate (40 ml), which was washed with water and dried (anhydrous magnesium sulfate), 
followed by concentration to give (2S,3R)-2-(2,4-drf]uorophenyl)-3-methanesulfonyloxy-1-(1H-1,2,4-tria20l-1- 
yl)-2-butanol ais an oily product. This product was dissolved in methanol (40 ml), to which was added, 
under ice-cooling, a 28% methanol solution of sodium methylate (2.04 g). The mixture was stirred for 
minutes at room temperature, then the reaction mixture was concentrated under reduced pressure. To the 

35 concentrate was added ethyl acetate (100 ml), which was washed with water, followed by drying 
(anhydrous magnesium sulfate). The solvent was distilled off under reduced pressure, and the residue was 
purified by means of a silica gel chromatography (eluent ethyl acetate - dichloromethane - 4 : 1) to give 
(2S.3S)-2^2,4-drfluorophenylV3-me^ (1.62 g) as a colorless oily 

product This product became a colorless solid in a freezer. 

40 m.p. 41-43* C 

[a]g 3 = + 5.8* (c = 1.0 in methanol) 

NMR (CDC 1 3) 5 : 1.06(3H,d.J = 5.4Hz), 3.18(1H,q,J =5.4Hz), 4.42(1 H.d.J = 15Hz), 4.80(1 H.d.J = 1 5Hz), 
6.76-6.90(2H,m), 7.07-720(1 H,m). 7.85(1 H,s), 8.06(1 H,s) 
IR (KBr) cm"" 1 : 3150, 1615, 1595, 1502, 1420, 1270, 1130 

45 

Reference Example 58 

The mother liquor, which remained when (2S.3S)-2- (2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-ylh2 l 3- 
50 butanediol was obtained by recrystallization in Reference Example 38, was concentrated under reduced 
pressure. The concentrate was purified by means of a silica gel chromatography (eluent ethyl acetate) to 
give (2R,3S)-2-(2 l 4-diftuorophenyl)-1-(1H-1,2 l 4-triazol-1-yl)-2,3-butanediol as the first fraction of eluate. 
. m.p. 156-157* C 

'H-NMR (CDCts) B 1.27(3H.dd,J=6.4Hz,J = 1.6Hz), 2.42(1 H.d.OH), 3.99(1 H,m). 4.57- 

55 (1H,dd.J-14Hz.J = 1.6Hz), 5.05(1 H.dd.J = 14Hz.1.6Hz), 6.67-6.86(2H,m). 7.50-7.62(1 H,m), 7.80(1H.s). 8.04- 
(1H,s) 

IR (KBr) cm- 1 : 3350, 1615. 1510, 1420. 1275, 1200, 1130 
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Reference Example 59 

In ethyl acetate (4 ml) was dissolved {aR^S^ia^clifluorophenylJ-l-OH-l^^triazol-l-yO^.a- 
butanediol (0.18 g). To the solution were added triethylamine (0.10 mt) and methanesulfonyl chloride (84 

5 mg) under ice-cooling. The mixture was stirred for 30 minutes at room temperature, to which was added 
ethyl acetate (10 mt). The reaction mixture was washed with water and dried (anhydrous magnesium 
sulfate), followed by concentration to give (2R.3S)-2-(2 i 4-difluorophenyl)3-methanesulfonyloxy-1-(1H-1,2 l 4- 
triazoM-yl)-2-butanol as an oily product This product was dissolved in methanol (8 mt), to which was 
added a 5.6% methanol solution of sodium methylate (0.76 mt) under ice-cooling. The mixture was stirred 

to for 30 minutes at room temperature, which was then concentrated under reduced pressure. To the 
concentrate was added ethyl acetate (30 mt), which was washed with water and dried (anhydrous 
magnesium sulfate). The solvent was then distilled off, and the residue was purified by means of a silica gel 
chromatography (eiuent hexane - ethyl acetate = 1 : 2) to afford (2R,3R)-2-(2,4-difluorophenyl)-3-methyl-2- 
[(1H-l,2,4-triazol-1-yl)metoyi]oxirane (0.15 g) as a colorless oily product. 

is NMR (CDCI3) * : 1.06(3H.d,J = 5.4Hz), 3.1 8(1 H,q,J = 5.4Hz), 4.42(1 H,d.J = 15Hz), 4.80(1 H,d,J = 15Hz), 
6.76-6.90(2H,m), 7.07-7.20(1 H,m), 7.85(1 H,s), 8.06(1 H,s) 
IR (film) cm' 1 : 1615, 1595. 1505. 1420, 1270. 1140 



20 Reference Example 60 

2,4-Difluoro-2-hydroxypropiophenone (2.8 g) was dissolved in methylene chloride (28 ml), to which 
were added triethylamine (2.5 ml) and methanesulfonyl chloride (1.3 ml) at O'C. After stirring for 15 
minutes, the mixture was washed with water (30 ml), and the organic layer was dried over anhydrous 

25 sodium sulfate and concentrated under reduced pressure. The residue was subjected to silica gel column 
chromatography (3 cm x 10 cm) and eluted with methylene chloride. The desired fraction was concentrated, 
to give 2',4'-difluoro-2-methanesulfonyloxypropiophenone (3.0 g) as a colorless oil. This compound (3.0 g) 
was dissolved in 30 ml of N.N-dimethytformamide, to which were added t H-1 ,2,4-triazole (0.94 g) and then 
60% sodium hydride suspension in oil (0.5 g) at -10 "C. After stirring at 0* C for 50 minutes, the reaction 
• 30 mixture was added to a mixture of ethyl acetate (100 ml) and water (200 ml) for extraction. The water layer 
was extracted with ethyl acetate (100 ml) and the ethyl acetate layers were combined, washed with 
saturated aqueous solution of sodium chloride (30 4 ml x 2). dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure. The residue was subjected to silica gel column chromatography (3 
cm x 10 cm) and eluted with ethyl acetate. The desired fraction was concentrated, to give 2 ,4 -dffluoro-2- 

35 (1H-1,2,4-triazoH-yl)propiophenone (1.5 g) as a colorless oil. This compound (1.24 g) was added to a 
mixture of dimethyl sulfoxide (30 ml). 60% sodium hydride suspension in oil (0.25 g) and trimethylsulfox- 
onium iodide (1.38 g) at 10 " C and then the temperature was raised to 25* C. Two hours after, the reaction 
mixture was added to a mixture of diethyl ether (100 ml) and water (150 ml), diethyl ether layer was 
separated, and the water layer was extracted with diethyl ether (100 ml x 2). The organic layers were 

40 combined, washed with saturated aqueous solution of sodium chloride (50 ml x 2), dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure. The residue was subjected to silica gel 
column chromatography (3 cm x 10 cm) and eluted with ethyl acetate-hexane (3:1), to give 2-(2,4- 
difluorophenyl)-2-[1-(1H-1,2,4-triazol-1-yl)ethyl]oxirane as a colorless oil (0.87 g). 

'H-NMR (CDCI3) «: 1.61 (3H, d, J=7.0 Hz), 1.62 (3H, d, J=6.0 Hz), 2.64 (1H. d, J = 4.6 Hz), 2.81 (1H, d, 
45 J = 4.6 Hz), 2.87 (1H. d, J = 4.6 Hz), 3.18 (1H. d. J = 4.6 Hz), 4.92 (2H, q. J = 7.0 Hz), 6.7-7.2 (6H, m), 7.87 
(1H, s). 7.94 (1H, s). 8.04 (1H. s), 8.12 (1H, s) 



Reference Example 61 

50 

To a solution of 2-(2.4-difluorophenyl)-2-t(1R)-1-(3 l 4,5,6-tetrahydro*2H-pyran-2-ylo>cy)ethyl]oxii3ne (1.7 
g) and imidazole (0.49 g) in N.N-dimethylformamide (17 ml) was added 60% oily sodium hydride in mineral 
oil (0.29 g) by portions at 20* C with constant stirring. After 5 minutes, the mixture was heated at 70* C for 3 
hours. The reaction mixture was cooled, then poured into water (50 ml) and extracted with ethyl acetate (20 
55 ml x 3). The ethyl acetate layers were combined, washed with saturated aqueous sodium chloride solution 
(20 ml), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 
was subjected to silica gel chromatography (3 cm x 15 cm) using methanol-ethyl acetate (5:95) as the 
eiuent. The desired fraction was concentrated under reduced pressure to give (3R)-2-(2,4-difluorophenyl)-1- 
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(1-imidazolyl)-3-(3.4 t 5,6-tetrahydro-2H-pyran-2-yloxy)-2-butanol (1.8 g) as a colorless syrup. 

'H-NMR (CDCb) * : 0.92. 1 .03(3H,d,J = 6.2Hz, J = 6.4Hz). 1 .5-2.0(6H,m), 3.5-4.8(6^01), 6.6-7.5(6H.m) 

IR(neat)cm- 1 : 3300. 2900. 1650, 1600, 1490 

SIMS(m/z): 353 (MH*) 
s In ethanol (8.5 ml) was dissolved (3R)-2-(2,4KJrfiuorophenyl)-1-(lHmidaz^^^ 

pyran-2-yloxy)-2-butanol (1.7 g) followed by addition of trifluoroacetic acid (8.5 ml) at 0 # C. After 10 minutes, 

the temperature was adjusted to 20 *C and the mixture was allowed to stand for 1 hour. The reaction 

mixture was then concentrated under reduced pressure and the residue was subjected to silica gel 

chromatography (2 cm x 10 cm) using methanol-methylene chloride (1:9) as the eiuent. The desired fraction 
io was concentrated to give <3R)-2-(2.4-dif luorophenylH -(1 -imidazolyl)-2.3-butanediol (1 .7 g). 

1 H-NMR (DMSO-ds) 5 : 0.83. 1.03(3H.d.J = 6.2Hz. J = 6.4Hz). 4.1 5-4.35(1 H.m). 4.62(1 H.d.J = 14.2Hz), 4.71- 

(1H,d.J = 14.2Hz). 5.5(1 H.br.). 5.71 (1H.s). 6.9-7.0(1 H.m). 7.15-8.8(5H.m) 

IRtneaOcm- 1 : 3300, 1660. 1495. 1410. 1190. 1120 

SlMS(m/z): 269 (MH*) 

15 To a methylene chloride (60 mi) solution containing (3R)-2-(2.4-diHuorophenyl)-1-(1-imidazolyi)-2.3-. 
butanediol (1.7 g), triethylamine (0.88 ml) and tetrahydrofurane (2.0 ml) was added methanesulfonyl chloride 
(0.50 ml) dropwise at 0* C with constant stirring. After 10 minutes, the temperature was adjusted to 20* C 
and the mixture was further stirred for 50 minutes. Then, methanesulfonyl chloride (0.50 ml) and 
triethylamine (0.88 ml) were added and the reaction mixture was stirred for 1 hour. The reaction mixture 

20 was poured into water (100 ml) and extracted with methylene chloride (50 ml x 3). The methylene chloride 
layers were combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure. To 
the residue was added methanol (30 ml) followed by addition of 28% methanol solution of sodium 
methoxide (1.3 ml) at 0* C. After 5 minutes, the temperature was adjusted to 20* C and the reaction mixture 
was stirred for 20 minutes. The reaction mixture was then poured into water (100 ml) and extracted with 

25 ethyl acetate (30 ml x 3). The ethyl acetate layers were combined, washed with saturated aqueous sodium 
chloride solution (20 ml), dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure. The residue was subjected to silica gel chromatography (3 cm x 15 cm) using ethyl acetate as 
the eiuent The desired fraction was concentrated under reduced pressure. To this residue was added 
isopropyl ether-n-hexane, whereby (2R,3S)-2-(2,4KJrfluorophenyl)-2-(1-imidazolyi)methyl-3-methyloxirane 

oo (6.14 g) was crystalized as colorless prisms. 

m.p. 73-76 'C * 



Reference Example 62 

35 

To a N,N-dimethylformamide (35 ml) solution containing (2R.3R)-3-(2,4-diftuorophenyl)-3.4-epoxy-2- 
butyl methanesulfonate (3.5 g) and imidazole (1.2 g) was added 60% sodium hydride in mineral oil (0.70 g) 
at 0* C with constant stirring. After 10 minutes, the temperature was adjusted to 20* C and the mixture was 
stirred for 20 hours. The reaction mixture was then poured into water (100 ml) and extracted with ethyl 

40 acetate (30 ml x 4). The ethyl acetate layers were combined, washed with saturated aqueous sodium 
chloride solution (30 ml), dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure. The residue was purified by silica gel chromatography (3 cm x 15 cm) using methanol-ethyl 
acetate (5:95) as the eiuent. The desired fraction was concentrated under reduced pressure and the residue 
was crystallized by addition of isopropyl ether and n-hexane to give (2R.3S)-2-(2.4-difluorophenyl)-2-(1- 

45 imidazolyl)methy l-3-methy foxirane (1 .7 g) as colorless prisms. 
m.p.73-76*C 

'H-NMR (C0CI 3 ) S : 1.61(3H,d,J = 5.6Hz), 3.15(1H,q,J = 5.6Hz). 4.13(1H,d.J = 14.8H2), 4.63(1 H,d.J = 14.8Hz), 
6.66-6.78(2H.m), 6.83(1 H,s). 6.94(1 H.s), 6.92-7.04(1 H,m), 7.29(1 H.s) 



so 



Elemental Analysis for 






Ci.3Hi2F 2 N20'1/4H 2 0 






Calcd.: 


C, 61.29; 


H, 4.95; 


N, 11.00 


Found : 


C. 61.46; 


H, 4.73; 


N, 10.89 



55 

IRtKBrfcm- 1 : 1600, 1585. 1495. 1415, 1270. 1260. 1210. 1110. 1090 
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Example 1 



In dimethylformamide (20 ml) were dissolved 2-(2 t 4-difluorophenyl)-2-(1H-1,2.4-triazol-1-ylmethyl)- 
s oxirane (1.2 g) and 1-(2-mercaptoethyl)benzimidazole (1.1 g). To this solution was added sodium hydride 
(60% in oil, 0.36 g) under ice-cooling and the mixture was stirred for 90 minutes. The dimethylformamide 
was then distilled off under reduced pressure and the residue was diluted with water (50 ml) and extracted 
with ethyl acetate. The extract was washed with water and saturated aqueous sodium chloride solution 
successively and dried (MgSO*) and the solvent was distilled off. The residue was subjected to silica gel 
io chromatography (2.5 x 40 cm) and elution was carried out with ethyl acetate-acetone- methanol (6:2:1). The 
desired fraction was concentrated to give compound 1 (1.1 g) as a colorless powder. 



• 15 



Elemental Analysis for 






C 20 Ht9F 2 N s OS'0,5H 2 O 




Calcd.: 


C, 56.59; 


H, 4.75; 


N, 16.50 


Found : 


C. 57.07; 


H, 4.96; 


N, 15.98 



1 H-NMR (CDCb) 5 : 2.81 -3.1 2(4H,m), 4.30-4.37(2H,m), 4.64(2H,s), 6.74-6.82(2H,m). 7.28-7.50(5H,m), 7.71- 
7.83(1 H,b), 7.81 (1H,S), 7.88(1 H,s), 7.93(1 H,s) 
SIMS (m/z): 416 (M + H)* 



Example 2 



A mixture of 2-(1H-1.Z4-triazoM-yl)ethanethiol (4.5 g), 2-(2.4-difluorophenyl)-2-(1H-1Z4-triazol-1-yl- 
methyl)oxirane methanesulfonate (4 g), potassium carbonate (6.5 g) and dimethylformamide (20 ml) was 
stirred at 70* C for 1 hour. After cooling, the reaction mixture was diluted with water (150 ml), saturated with 
sodium chloride and extracted with ethyl acetate y 50 ml x 3). The extract was washed with water (50 ml x 
3) and dried (anhydrous sodium sulfate) and the solvent was distilled off to give a yeilow oil. This product 
was purified by silica gel chromatography (ethyl acetate-acetone-methanol = 6:2:1) and the resulting oil was 
crystallized from ethyl ether-ethyl acetate to give compound 2 (0.85 g) as colorless prisms, 
m.p. 114-115* C 





Elemental Analysis for CisHu^NsOS 




■ Calcd.: 


C, 49.17; 


H, 4.40; 


N, 22.94 


40 


Found : 


C. 48.93; 


H, 4.40; 


N, 22.87 



45 

Example 3 



In methylene chloride (10 ml) was dissolved compound 2 (0.2 g), and with stirring at room temperature, 
so m-chloroperbenzoic acid (purity 85%, 0.29 g) was added. Trie mixturo was stirred at room temperature for 
16 hours. The mixture was washed with 5% aqueous sodium hydrogen carbonate solution, and the organic 
layer was dried (MgSO*) and concentrated under reduced pressure. The residue was subjected to silica gel 
column chromatography (1.5 x 15 cm) and elution was carried out with ethyl acetate-acetone-methanoi 
(8:2:1). The desired fraction was concentrated to give compound 3 (0.12 g) as a colorless powder. 
SS 'H-NMR (CDCIa) 5 : 3.36-3.79(4H,m), 4.63-479(3H.m), 4.89(1 H.d,J = 14.2Hz), 5.61 (1H.S), 6.78-6.92(2H,m). 
. 7.38-7.53(1 H,m) ( 7.86(1H,s), 7.91-7.95(2H,m). 8.18(1H,s) 
SIMS(m/z): 399(M ♦ H)* 
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Example 4 



In methylene chloride (15 ml) was dissolved compound 2 (0.3 g). and with stirring under ice-cooling, m- 
5 chloroperbenzoic acid (purity 85%, 0.22 g) was added. The mixture was stirred under ice-cooling for 2 
hours, and washed with 5% aqueous sodium hydrogen carbonate solution. The organic layer was dried 
(MgSOO and concentrated under reduced pressure. The residue was subjected to silica gel column 
chromatography (1.5 x 20 cm) and elutlon was carried out with ethyl acetate-acetone-methanol (5:4:1). The 
desired fraction was concentrated to give compound 4 (0.07 g) as a colorless powder. 
io 'H-NMR (CDCIa) 5 : 2.87-3.48(4H.m). 4,36-4>2(4H,m), 5.48(1H,bs). 6.81-7.02(2H.m). 7.59-7.75(1 H.m), 7.85- 
7.99(2H.m). 8.1 1(1 H.s). 8.15(1 H,s) 

Example 5 

J5 

A mixture of 2-(1-imida2olyl)ethanethiol (4.5 g). 2-(2,4-difluorophenyl)-2-(1 H-1 ,2.4-triazoM -ylmethyl)- 
oxirane methanesulfonate (4 g), potassium carbonate (6.5 g) and dimethyiformamide (30 ml) was stirred at 
70* C for 1 hour. After cooling, the reaction mixture was diluted with water (100 mi), saturated with sodium 
20 chloride and extracted with ethyl acetate (100 ml x 3). The extract was washed with water (30 ml x 3) and 
dried (anhydrous sodium sulfate) and the solvent was distilled off to give a colorless oil. This product was 
purified by silica gel column chromatography (ethyl acetate-acetone-methanol = 6:2:1) and the resulting oil 
was crystallized from ethyl ether to give compound 5 (1.28 g) as a colorless powder, 
m.p. 103-105" C 



Elemental Analysis for C16H17F2N5OS 


Calcd: 
Found : 


C. 52.59; 
C, 52.32; 


H, 4.69: 
H.4.69; 


N, 19.17 
N, 19.03 



30 

Example 6 

35 

In a similar manner to that described in Example 3, compound 5 (0.3 g) was oxidized with m- 
chloroperbenzoic acid to give compound 6 (0.17 g, 51%) as a colorless powder. 

iH-NMR (CDCh) a : 3.51-3.73<4H.m), 4.37-4.43(2H,m), 4.59(1 H.d, J = 14.2Hz), 4.80(1 H.d.J* 14.2Hz). 6.44- 
40 (1 H,bs). 6^0-6.99(4H t m), 7.40-7.54(2H.m), 7.81 (1 H,s). 8.11 (1 H f s) 
S!MS(m/z): 398(M + H)* 



Examples 7-12 



In a similar manner to that described In Example 1,2-(2,4-d"rfluorophenyl)-2-(1H-1,2,4-tria2ol-1-ylmethyl)- 
oxirane ("Epoxy compound" in Table 9) was reacted with the various thiols in Table 9 to give compounds 7 
.8 , 9(10. 11 ). 17, 19 and 21 . 
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Table 9 



Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


7 


Epoxy 

compound 

(0.74g) 

2-C2-U- 

imidazolyl)- 

ethylthio]- 

ethanethiol 

(0.70g) 


Dimethyl- 
formamide 
(8ml) 

60% sodium 
hydride (in 
oil: O.lSg) 
0°C 

1 hour 


Compound 7 (1.03g, 78%) 
oily substance 
1H-NMR(CDC13)8; 2.40- 
2.65(4H,m) , 
2.83{2H,t, J=6.6Hz), 
2.91(lH,d,J»14.2H2) , 
3.25(lH,d,J=14,2Ez) , 
4.12(2H,t,J=6.6Hz), 
4.69(2H,s), 6.70- 
6.87(2H,m) ,6.93(lH,d,J=1.2H 
z), 7.01(lH,d,J=1.2Hz), 
7.51(lH,m), 7.55(lH,s), 
7.81(lH,s), 8.04(1H,S) 
Treatment of 7 (l.Og) with 
a hydrogen chloride- 
ethylacetate solution in 
ethyl acetate gave l.Og of 
hydrochloride as colorless 
powder . 


8 


Epoxy 

compound 

(2.0g) 

2-<4- 

Pyridyl)- 

ethanethiol 

(1.2g) 


Dimethyl- 
formamide 
(20ml) 
60% sodium 
hydride 
(in oil: 
0.41g) 
0°C 

20 min. 


Compound 8 (2.6g, 81%) 
oily substance 
1E-NMR(CDC1 3 )8: 2.60- 
2.90 (4B,m), 
2.89(lH,d,J-14.0Hz) , 
3.27(lH,d,J=14.0Hz) , 
4.57(lH,bs), 4.68{2H,s), 
6-70-6. 90(2H,m) , 
7.04(2H,d,J=6.2Hz), 7.40- 
7.55(lH,m), 7.82(lH,s), 
7.98(lH,s), 
8.49(2H,d,J=6.2Hz) 



40 



45 



SO 



55 
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Ex. 

. NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


9 


Epoxy 
compound 

(l.sg) 

l-(4- 
.Pyridyl)- 
ethanethiol 
U.lg) 


Dimethyl- 
formamide 
(30ml) 
60% sodium 
hydride 
(in oil: 
0.38g) 
0*C 

15 min. 


Compound 9 (1.89g, 63%) 
oily substance 
1H-NMR(CDC13)8: 
1.47(3H,d,J=7.0Hz) , 
1.49{3H,d,J»7.20Hz), 
2.71(2H,d, J=13.4Hz), 
2.93(lH,d,J=13.4Hz), 
3.05(lH,d,J=13.4Hz), 
3.84{lH,q,J=7.QHz), 
3.92(lH,q,J=7.2Hz), 4.51- 
4,76(6H,m), 6,69- 
6«87(4H,m) , 
7.16(2H,d,J=6.2Hz), 
7.18(2H,d,J=>6.0Hz), 7.41- 
7.54(2H,m), 7.81(lH,s), 
7-82(lH,s), 7.93(lH,s), 
7.94(lH,s), 
8.53(4H,d,J=6.0Hz) 
This product was a mixture 
of diastereomers and was 
£raefcionallv crvstalli2ed 
from a mixture of diethyl 
ether and isopropyl ether 
to afford two types of 
diastereomer. 
Compound 10 ( 0 . 9 0g ) : 
Diastereomer (high 
polarity) 
mp. 98-99°C 
Compound 11 (0.41g): 
Diastereomer (low polarity) 
mp. 39-44°C 


10 


Epoxy 

compound 

(1.2g) 

2-(l-Methyl- 

2-imida- 

zolyl- 

methyl thio)- 
ethane thiol 
(0.95g) 


Dime thy 1- 

formamide 

(15ml) 

60% sodium 

hydride 

(in oil: 

0.22g) 

10 min. 


Compound 17 (1.66g, 77%) 
mp. 134-135°C 
1H-NMR(CDC13)S: 
2.53(2H,t,J=8.0Hz), 2.74- 
2.89(lH,m), 3.10- 
3.30{3H,m), 3.68(3H,s), 
3.82(lH,d,J=15.0Hz), 
3.92(lH,d f J=15.0Hz), 
4.70{lH,d,J=14.0Hz), 
4. 89(lH,d,J=14. 0Hz) , 
6.54{lH,s), 6.76- 
6.84(3H,m), 7.48- 
7.60(lH,m), 7.71(lH,s), 
7.99(lH,s), 8.08(lH,s) 



50 



55 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


11 


Epoxy 

compound 

(1.41g) 

2-(4- 

Pyridyl- 

methylthio)- 

(1.33g) 


Dimethyl- 
formamide 
(20ml) 
60% sodium 
hydride 
(in oil: 

0°C 

1 hour 


Compound 19 (1.6g, 63%) 
1H-NMR(CDC13)8: 2.54- 
2.64(4H,ra), 
2.89(lH,d,J=14.0Hz) , 
3.24(lH,d,J=14.0Hz), 
3.65(2H,s), 4.68(2H,s), 
4 90flH.bsW 6.71- 
6.89{2H,m), 

7.22(2H,d,J=6.2Hz) , 7.41- 
7.59(2H,ra), 7.82(lH,s), 
8.01( lH,s), 
8.53{2H,d,J=6.2Hz) 
Treatment of this product 
(1.6g), in ethyl acetate, 
with hydrogen chloride- 
ethylacetate gave 
hydrochloride (1.2g) as 
colorless powder. 


12 


Spoxy 

compound 

(1.42g) 

2-[2-(lH- 

1,2,4- 

triazol-1- 

yl)ethyl- 

thio]- 

ethanethiol 

(1.36g) 


Dimethyl- 
formamide 
(15ml) 
60% sodium 
hydride 
(in oil: 
0.29g) 
0°C 

1 hour 


Compound 21 (1.07g, 43%) 
oily substance 
1H-NMR(CDC13)8: 2.44- 
2.65(4H,m), 
2.89(lH,d,J=14Hz) , 
2.97(2H,t,J=6.5Hz) , 
3.25(lH,d,J=14Hz) , 
4.34(2H,t,J=»6.5Hz), 1 
4.70(2H,s), 6.72- 
6.90(2H,m), 7.42- 
7.55(lH,m), 7.83(lH,s), 
7.95(lH,s), 7.99(lH,s), 
8.14(lH,s) 

This product (0.6g) was 
processed with a hydrogen 
chloride-ethyl acetate 
solution to afford 21* 
hydrochloride (0.57g) as 
colorless powder. 



Example 13 



A mixture of (2RS f ^R)-2^Z4^fluorophe^ (0-5 9). 2 ' 

mercapto-5 ( 8-dihydro-4H-cyclopentathia20le (0.38 g) and 1 M tetrabutylammonium fluoride (2.2 mi) in 
ethanol (15 ml) was refluxed for 4 hours. The ethanoi was then distilled off under reduced pressure and the 
residue was diluted with water (25 ml) and extracted with ethyl acetate. The extract was washed with water 
and saturated aqueous sodium chloride solution si/ccessively and dried (MgSO*.), and the solvent was 
distilled off under reduced pressure. The residue was subjected to silica gel column chromatography (2.5 x 
40 cm) and elution was carried out with ethyl acetate-n-hexane (32). The desired fraction was concentrated, 
and ether-hexane (2:1) was added to the residue, whereupon compound 12 (0.34 g) separated out as 
colorless prisms. 
m.p. 70-72 *C 
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Elemental Analysts for CaH^N^OSa j 


Calcd.: 
Found : 


C. 52.93; 
C. 52.65; 


H, 4.44; 
H, 4.38; 


N. 13.72 
N, 13.70 



1 H-NMR (CDCb) 5 : 1 .22(3H t d, J = 7.2Hz), 2.43-2.62(2H.m). 2.87-2.99(4H,m), 4.02(1 H,q. J = 7.2Hz), 4.98(2H,s), 
6.64-6.82(2H,m), 7.08(1 H,s), 7.39-7.52(1 H,m), 7.67(1 H,s), 8.06(1 H f s) 

10 

Example 14 

A mixture of (2RS,3SR)-2-(2>dffluorophenyl)-3-^ (0«5 9). 1 ' 

75 (2-mercaptoethyl)-1H-1,2 l 4-tria2ole (0.31 g) and 1 M tetrabutylamrnonium fluoride (2.2 ml) in ethanol (20 ml) 
was refluxed for 12 hours. The ethano! was then distilled off under reduced pressure and the residue was 
diluted with water (25. ml) and extracted with ethyl acetate. The extract was washed with water and 
saturated aqueous sodium chloride solution successively and dried (MgSO*), and the solvent was distilled 
off under reduced pressure. The residue was subjected to silica gel column chromatography (2.5 x 40 cm) 
20 and elution was carried out with ethyl acetate-acetone-methanol (10:2:1). The desired fraction was con- 
centrated to give compound 13 (0.4 g) as oil. 

1 H-NMR (CDCI 3 ) 5 : 1.11<3H,d.J= 7.2Hz). 3.09-3.38(3H.m), 4.37-4.59(2H.m). 4.73(1 H,d.J = 14Hz), 4.93- 
(1H,d,J«14H2), 5.Q3(1H,bs). 6.69-6.78(2H f m). 7.29-7.41 (1H,m), 7.78(1H.s). 7.79(1H,s). 8.02(1H,s) t 8.19(1 H,s) 
This product (0.14 g) was treated with hydrogen chloride in ethyl acetate to give the hydrochloride (0.11 
25 g) as colorless powder. 
m.p. 179-181 "C 





Elemental Analysis for 






30 


C1 6 Hi 8 FjNsOS • 2HCI ' 0.5H 2 O 






Calcd.: 


C, 41 .57^ 


H, 4.58; 


N, 18.18 




Found : 


G, 41.87; 


H, 4.41; 


N. 18.45 



35 



Example 15 



In a similar manner to that described in Example 3. compound 13 (0.2 g) was oxidized with m- 
chloroperbenzoic acid (0.28 g) to give compound 14 (0.8 g, 37%) as a colorless powder. 
'H-NMR (CDCb) S : 1.22(3H.d,J- 7.2Hz), 3.56-4.08<3H,m). 4.76-4.82(2H.m). 4.91(1H.d,J = 14.2Hz), 5.36- 
(1H,d,J = 14.2Hz). 5.71(1H,s), 6.71 -6.81 (2H,m). 7.1 8-7.32(1 H,m), 7.75(1H,s), 7.77(1H.s), 8.00(1H,S). 8.25- 
45 (1H,s) 

SIMS(m/z):413(M + H)* 

Example 16 

50 

A mixture solution of (2RS,3SR)-2-(2 t 4-difluorophenyl)-3-methyl-2-(1H-1 l 2,4-tr!azol-l-ylmethyl)oxirane 
(0.60 g), pyridlne-4-methanethiol (0.45 g) and 28% sodium methoxide-methanol (0.55 g) in ethanol (12 ml) 
was refluxed for 1 hour. The ethanol was then distilled off under reduced pressure and the residue was 
55 subjected to silica gel chromatography (2.5 x 15 cm), and elution was carried out with methanol-ethyl 
acetate (5:95). The desired was concentrated and a mixture of ethyl acetate and diethyl ether was added to 
the residue to give compound 15 (0.67 g) as colorless needles. 
m.p.98-99*C ~ 
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Elemental Analysis for Ci8Ht 8 F 2 N40S 


Calcd.: 
Found : 


C, 57.43; 
C, 57.12; 


H, 4.82; 
H, 4.70; 


N, 14.88 
N, 14.78 



'H-NMR (CDCb) B : L^H.d.J *6.80Hz), 3.1 6(1 H,q.J = 6.80Hz), 3.80(1 H,d,J = 13.8Hz), 3.92- 
(1H,d,J = 13.8Hz), 4.57(1 H.d,J = 14.2Hz), 4.97(1 H,d,J = 14.2Hz), 5.04(1H,s), 6.64-6.77(2H.m) i 7.28-7.40(1 H,m), 
7.31 (2H,d,J = 6.0Hz), 7.74(1 H,s), 7.76(1 H,s), 8.59(2H,d,J= 6.0Hz) 



Examples 17-19 



tn a similar manner to that described in Example 16, (2RS,3SR)-2-(2 l 4-difluoropheny()-3-methyl-2-(lH- 
1,2,4-triazol-1-ylmethyl)oxirane ("Metfiyl-epoxy compound" in Table 10) was reacted with the various thiols 
in Table 10 to give compound 16 , 22 and 23 . 



20 



25 



30 

1 



35 
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Table 10 



5 


Ex. 
No. 


Starting 
c outdo unds 


Reaction 
conditions 


Products 




17 


Methyl-epoxy 


Ethanol 


Compound 16. (0.60g, 80%) | 




compound 


(15ml) 


colorless powder 






(0.50g) 


28% sodium 


1H-NMR(CDC13)8: 


70 




l-Methyl-2- 


methylate- 


1.20(3H f d/ J=7.0Hz) / 






imidazolyl- 


methanol 


3. 51(1E, q, ^=7 . OEz ) , 






me thane 


solution 


3 . 69 ( 3H, s ) f 






thiol 


(0.46g) 
90°C 


3 • 80 ( 1H, a , J = 15 . 2Hz ) , j 






(0.38g) 


A A J ( 1 TT J T T <1tT— \ 

4 . 04 ( lH/d/ J=15 . 2Hz ) , 


15 




2 hours 


4.56(lH,d,J=14 • 0Hz ) , 
4, 77(1E,DS) / 

M f\ A / ^ y-r J T 1 A Art— \ /» /■* rt 

4.84(lE,d, J=14 . 0Hz) , 6.68- 

6. 80 ( 2H,m) , 

6 . 86 (IB, df J=i • 2HZ ) r 


20 








6.98(lE,d,J=1.2Bz), 7.35- 








7.50(lE,ra), 7.68(lE,s), 
7.95(lE,s) 




18 


Methyl-epoxy 


Ethanol 


Compound 22 (0.59g, 50%) 






compound 


(10ml) 


oily substance 


25 




(0.67g) 


28% sodium 


1H-NMR(CDC13)S: 








lit w LliV aCK W w 


1.16f3H.d,J=7Hz} » 2.58- 










3. OQf 4H,m} , 






triazole-1- 


solution 


3.07(2B,t,J=6.5Ez) , 






yl)ethyl- 


(0.5 ml) 


3.27(lE,q,J=7Hz), 


30 




thio] ethane 


Reflux 


4.40(2B,t,J=6.5Ez), 




thiol 


2.5 hours 


4.85(lB,d, J=14Bz) , 






(0.61g) 




4.89(lB,s), 


35 






5.06(lB,d, J=14Hz) , 
6.75(2B,m), 7.30- 
7.45{lB,m), 7.78(1H,S), 
7.84(lE,s), 7.98(lE,s), 
8.08(lE,s) 

This product was treated 
with a hydrogen chloride- 
ethyl acetate solution to 


40 








afford 22 •hydrochloride as 








colorless powder. 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


19 


Methyl-epoxy 
compound 

(l.iig) 

2-[2-(l- 
Imidazolyl)e 
thylthio)eth 
ane thiol 
(0.83g) 


Ethanol 
(10ml) 
28% sodium 
methylate- 
methanol 
(0.9 ml) 
Reflux 
3 hours 


Compound 23, (1.21g, 62%) 
oily substance 
1H-NMR(CDC1 3 )8: 
1.16(3H,d,J=7Hz), 
2.65(2H,t,J=6.8Hz), 2.75- 
3.02(4H,m), 
3.28<lH,q, J=7Hz), 
4,18(2H f t, J=6.8Hz), 
4.84(lH,d,J=15Hz) , 
5.05(lH,d, J=15Hz), 6.65- 
6.80(2H,m) / 
6.99(lH,t, J-1.2HZ), 
7.07<lH,d,J=1.2Hz), 7.28- 
7.45<lH,ra), 7.57(lH,s), 
7.76(1H,S), 7.86<lH,s) 
This product was treated 
with a hydrogen chloride- 
ethyl acetate solution to 
afford 23* hvdr ochlo ride as 
colorless powder. 



Example 20 



A mixture solution of 2H2>difluorophenylh3-qercaptol-l-(1H-1Z4-triazol-l-yl)propan-2-ol (12 g). 2-(2- 
chloroethylthio)-1-methy!imida2ole (1.2 g) and 28% sodium methoxide-methanol (0.94 g) in ethanol (30 ml) 
was refluxed for 2 hours. The ethanol was then distilled off under reduced pressure and the residue was 
subjected to silica gel chromatography (3.5 x 15 cm) using methanol-ethyl acetate (5:95) as the eluent. The 
35 desired fraction was concentrated and dichloromethane and diethyl ether were added to the residue, 
whereby compound 18 (0.90 g) was obtained as colorless needles, 
m.p, 92-93* C 



40 


Elemental Analysis for C17H19F2N5OS2 




Calcd.: 


C, 49.62; 


H, 4.65; 


N. 17.02 




Found : 


C. 49.45; 


H, 4.71; 


N, 16.84 



45 'H-NMR (CDCI3) S : 2.89(2H.b.t.J =7.40Hz). 3-22-3.30(2H.m). 3.20(1 H, d, J = 14.8Hz), 3.39(1 H.d.J = 1 4.8Hz). 
3.57(3H.s). 4.65(1 H.d.J = 142Hz). 4.75(1 H.d.J = 14.2Hz), 6.19(1H.s). 6.74-6.85(2H.m), 6.92(1H.s). 6.98(1H.s). 
7.47-7.60(1 H.m). 7.76(1 H.s). 8.07(1 H,s) 

50 

Examples 21-22 



In a similar manner to that described in Example 20. 2-(2.4-difluorophenyl)-3-mercapto-l-(1H-l.2,4- 
triazoM-yl)propane-2-ol (simply referred to "thiol derivative" in Table 1 1) was allowed to react with a chloro- 
derivative shown in Table 11 to afford Compounds 20 and 24 . 
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Table 11 





Ex. 


Starting 


Reaction 


Products 


5 


NO* 


compounds 


conditions 




21 


Thiol deriv. 


Ethanol 


Compound 20 (0.53g, 50%) 




(0.69g) 


(15ml) 


oily substance 






2-(l-methyl- 


28% sodium 


1H-NMR(CDC1 3 )8: 2.91- 


10 




5- 


methylate- 


2.99(2H,m), 




tetrazolyl- 


methanol 


3.07(lH,d,J=14.2Hz) , 






thio) ethyl- 


solution 


J . J J ( In / u f J -1 ** * ) f J.**/ — 








( u,54g) 


J • 3** ( ^n / m ; f \ Jo f Sj / 






(l.Og) 


2 hours 


4./J(^a,SJ, 4 . y 0 I In, DS ) , 






reflux 




15 

20.. 








7.53[lH/ni) , /«oX(ln,S) r 
8. 03 ( 1H, S ) 

mis proGUCw was created 
with a hydrogen chloride- 
ethyl acetate solution to 
afford 20* hydr ochlor ide 
(0.59g) as colorless 
powder. 




22 


Thiol deriv. 


Ethanol 


Compound 24, (0.95g, 58%) 






(1.08g) 


(30ral) 


oily substance 


25 




2-{4- 


28% sodium 


1H-NMR(CDC1 3 )8: 2.71- 






Pyridyl- 


methylate- 


2.82(2H,m) f 






thio) ethyl 


methanol 


2.98(lH,d,J=14Hz) , 3.09- 






chloride 


solution 


3.21(2H,m), 






hydro- 


(1.54g) 


3.31(lH,d,J=14Hz) , 


30 




chloride 


2 hours 


4.71(2H,S), 4.84{lH,bs), 




(0.88g) 


reflux 


6.71-6.89(2H,m) , 








7.09(2H,d,J=6. 2Hz) , 7.42- 
7.58(lH,m), 7.83(lH,s), 
7.97(lH,s), 
8.41<2H,d,J=6.2Hz) 


35 








This product (0.95g) was 
treated with a hydrogen 
chloride-ethylacetate 
solution to afford 
^•hydrochloride as 


40 








colorless powder (0.75g). 



Example 23 



in diethyl ether (30 ml) was dissolved compound 16 (0.52 g) prepared in Example 17 followed by 
addition of hydrogen chloride in ethyl acetate. The resulting mixture was allowed to stand and the 

so supernatant was removed by decantatlon. The residue was diluted with diethyl ether (30 ml) and allowed to 
stand and the supernatant was removed by decantation. The residue was dissolved in ethanol (10 ml) 
followed by addition of ethyl acetate (100 ml) and the mixture was allowed to stand for a day for 
crystallization. The resulting crystals were collected by filtration and dried under reduced pressure to give 
compound 16 •dihydrochloride (0.49 g). 

55 m.p. 114-116 C 
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Elemental Analysis for 






Ci7Hi3F2N 5 0S'2HC!*H 2 0 




CaJcd.: 


C, 43.41; 


H, 4.93; 


N, 14.89 


Found : 


C. 43.76; 


H, 4.72; 


N, 14.96 



^H-NMR (DMSO-d 6 ) S : 1.05(3H,d.J = 6.6Hz), 3.43(1 Kq.J = 6.6 Hz). 3.90(3H,s), 4.32(1 H.d.J = 1S.4Hz), 4.45- 
(lH,d,J = 15.4Hz), 4.56(1 H,d,J = 14.4Hz), 4.86(1 H,d, J = 14.4Hz), 6.95(1H,m), 7.1 0-7.40(2 H,m) t 7.68(1H.s). 
7.73(1 H,s), 7.82(1 H,s). 8.54(1 H.s) 



Example 24 



A mixture of (2RS,3SR)-2K2.^if1uorophenyl)-3^^ (0.3 g), 2- 

methyl-l,3.4-thiadia2ole-5-thiol (0.19 g) and 1 M tetrabutylammonium fluoride (1.3 ml) in ethanol (10 ml) was 
refiuxed for 4.5 hours. The ethanol was then distilled off under reduced pressure and the residue was 
diluted with water (15 ml) and extracted with ethyl acetate. 

The extract was washed with water and saturated aqueous sodium chloride solution successively and dried 
(MgSCM. The solvent was then distilled off under reduced pressure and the residue was subjected to silica 
gel column chromatography (2.5 x 30 cm) using ethyl, acetate-dichloromethane (3:2) as the eluent The 
desired fraction was concentrated, and ether and isopropyl ether (1:2) were added to the residue, 
whereupon compound 26 (0.07 g) was obtained as colorless prisms. 
m.p. 130-131 "C ~~ 





Elemental Analysis for C1SH15F2N5OS 


00 


Calcd.: 


C, 46.99; 


H, 3.94; 


N. 18.26 


Found : 


C. 46.77; 


H, 3.86; 


N, 18.06 



! H-NMR (COCI3) * : 1.29(3H,d,J»7Hz), 2.77(3H,s), 4.62(1 H,q, J = 7Hz), 4.89(1 H.d, J « 1 3.8Hz), 5.12- 
35 (lH,d,J = 13.8Hz), 5.97(1H,s), 6.72-6.86(2H,m), 7.41 -7.52(1 H,m). 7.75(1H,s), 7.91(1H,s) 

Example 25 

40 

A mixture of (2RS,3SR)-2-(2,4-difluorophenyl)-3-me%l-2-(1H-1,2 f 4-triazol-1-yl)methyloxirane (0.25 g), 2- 
imidazo[1,2-a]pyridinemethanethiol (0.25 g), 28% sodium methoxide-methanol (0-25 ml) and ethanol (7.5 ml) 
was refiuxed for 2 hours. The reaction mixture was then concentrated under reduced pressure and the 
residue was diluted with methylene chloride (20 ml) and water (20 ml), and extracted with methylene 

45 chloride. The methylene chloride layer was dried over anhydrous sodium sulfate and concentrated under 
reduced pressure and the residue was subjected to silica gel chromatography (2.5 cm x 7.0 cm) using ethyl 
acetate as the eluent. The desired fraction was concentrated to give compound 27 (0.25 g) as syrup. This 
syrup (0.19 g) was dissolved in diethyl ether (30 ml) followed by addition of hydrogen chloride in ethyl 
acetate. The resulting mixture was allowed to stand and the supernatant was removed by decantation. The 

50 residue was diluted with 30 ml of diethyl ether and the supernatant was removed by decantation again. To 
the residue was added diethyl ether-ethanol for crystallization to yield compound 27 •dihydrochloride (0.17 

9). ~ 
m.p. 123-1 25 *C 

55 
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Elemental Analysis for 






C2oHi 9 F 2 N50S # 2HCI # 1/2H 2 0 




Calcd.: 


C, 48.30; 


H, 4.46; 


N, 14.08 


Found : 


C, 48.38; 


H, 4.44; 


N, 13.92 



10 



'H-NMR (DMSOdc) 5 : 1.08(3H,d t J= 8.2Hz), 3.43(1 H,q,J= 8.2Hz), 4.22(1 H.d.J = 1 4.4Hz), 4.32- 
(1H t d,J = 14.4Hz). 4.68(1 H.d,J = 14.6Hz), 4.99(1 H,d, J = 1 4.6Hz), 6.92(1 H,m), 7.12(1H,m), 7.29(1 H,m) ( 7.50- 
(1H.m). 7.77(1 H.s), 7.97(2H,m). 8.37(1 H,s), 8.64(1 H.S), 8.98(1 H,d.J = 6.6Hz) 



15 



20 



25 



Example 26 



To a solution of (2RS,3RS)-2-(2,4-difluorophenyl)-3-mercapto-l-(1H-1 f 2Atriazol-1-yl)-2-butanol (0.30 g) 
in ethanoi (3.0 ml) was added 28% sodium methoxide-methanol (0.98 ml) at room temperature. After 
addition of 1-methyl-5-chloromethylimidazole hydrochloride (0.48 g), the mixture was stirred for 10 minutes. 
This reaction mixture was diluted with diethyl ether (30 ml) and water (30 ml) and extracted with diethyl 
ether (30 ml x 3). The diethyl ether layers were combined, washed with saturated aqueous sodium chloride 
solution (20 ml) and dried over anhydrous sodium sulfate, followed by concentration under reduced 
pressure. To the residue was added diethyl ether, whereupon (2RS,3RS)-2-(2,4-difluorophenyl)-3-(1- 
methylimidazol-5-yl)methylthio-l-(1H-l,2,4-triazoM-yl)-2-butanol (29 :0.30 g) separated out as crystals. 
These crystals were recrystallized from ethanol-diethyl ether to give colorless needles (0.27 g). 
m.p.l59-160*C 





Elemental Analysis for C17H19F2N5OS 


30 


Calcd.: 


C, 53.81; 


H, 5.05; 


N t 18.46 


Found : 


C, 53.40; 


H, 5.23; 


N, 18.22 



'H-NMR (COCb) 5 : 1.13(3H,d,J=7.0Hz), 3.20(1 H,q,J = 7.0Hz), 373(3H,s), 3.82(1 H I d,J = 14.8Hz). 3.91- 
35 (1H,d.J = 14.8Hz), 4.45(1 H,d.J = 14.2Hz), 4.83(1 H,d, J = 1 4.2Hz), 55.00(1 H.br.s), 6.72(2H,m), 7.01(1H,s), 7.35- 



(1H,m), 7.48(1H.s), 7.72(1H,s), 7.77{1H,s) 



40 



46 



50 



55 



Examples 27-37 



In a similar manners to that described in Example 26, (2RS,3RS)-2-(2,4-dif?uorophenyl)-3-mercapto-1- 
(1H-1Z4-triazol-1-yl)-2-butanol (Methylthiol derivative in Table 12) was reacted with the chloro-compounds 
in Table 12 to give compounds 25 , 28 , and 30 to 38 . 
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Table 12 



Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


27 


Methylthiol 
deriv. 
(0.17g) 2- 
chloromethyl 
-4H-5,6- 
dihydrocyclo 
penta [d] 
thiazol 
hydro- 
chloride 
(0.22g) 


Ethanol 

(10ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.37ml) 

0.5 hour 
oa or* 

OU v. 


Compound 25 (0.16g, 65%) 
mp. 75-77°C 
lH-NMR(CDCl3)8s 
l,22(3H,d,J=7Hz) , 2.48- 
2.61(2H,m), 2.85- 
2.95(4H,m), 
3.50(lH,q,J=7Hz), 
4.04(lH,d,J=15.6Hz) , 
a 0*3 / 1 ti d . ,7=15 6Hz^. 

4.71(lH,d,J=14.2Hz), 
5.04(lH,d,J=14.2Hz), 
5.85(lH,s), 6.68- 
6.77(2H,m), 7.31- ! 
7.47{lH,m), 7.72(lH,s), 
7.86(lH,s) 

Elemental Analysis for 

C 19 H20F2N4OS 2 : 

Calcd.: C54.01; H,4.77; 

N,13.26 

Pound: C53.83; H f 4.72; 
N,13.18 


28 


Methylthiol 
deriv. 
(0.30g) 4- 
Chloromethyl 
-1-methyl- 
imidazole 
hydrochlo- 
ride (0.25 

g) 


Ethanol 
(6.0ml) 
28% sodium 
methylate- 
methanol 
solution * 
(0.54ml) 
5 min. 
room 

temperature 


PAmrvMi r\A "5 Q / n OQn 7"*19t\ 

rap. 140-141«C 

1H-NMR(CDC13)8: 

1.29(3H,d,J*6.2H3), 

3.54(lH,q,J=*6.2Hz), 

3.61(lH,d,J=*15.2Hz) , 

3.69(3H,s), 

4.00(lH,d,J=i5.2Hz), 

4. 74(lH,d,J=15. 2Hz), 

5. 16(lH,d,J=15. 2Hz) , 6.7- 

6.8(3H,ra), 7.4-7.6(2H / m) , 

7.68(lH,s), 7.87(lH,br .s) , 

8.07(lH,s) 


^7 


deriv. 
(0.30g) 2- 
Chloromethyl 
-l-(2,2,3,3- 
tetrafluorop 
ropyl) imida- 
zole hydro- 
chloride 


Ethanol 

(3.0ml) 

28% sodium 

raethylate- 

methanol 

solution 

(1.0ml) 

7 min. 

room 

temperature 


Compound 30. (0.31g, 53%) 
2-hydrochloride (powders) 
lH-NMR(DMSO-d 6 )8: 
1.09(3H,d,J=7.0Hz), 
3.51(lH,q,J=7.0Hz), 
4.41{lH,d,J»16Hz), 
4,51(lH,d,J=16Hz), 
4.63(lH,d,J^14.8Hz ), 
4.94(lH,d,J=14.8Hz) , 
5.31{2H,t,J=16Hz), 6.6- 
7.4(4H,m), 7.82(lH,s), 
7.84(lH,s), 7.87(lH,s), 
8.63(lH,s) 
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Ex. 


Starting 


Reaction 


Products 




No. 


compounds 


conditions 


5 


30 


Methylthiol 


Ethanol 


Compound 31 (0.25g, 74%) 






deriv. 


(2.5ral) 


mp. 108-109°C 






(<K2Sg) 5- 


28% sodium 


1H-NMR(CDC1 3 )5: 






Chloromethyl 


methylate- 


1.18(3H,d,J»7.0Hz) , 






-1-methyl- 


methanol 


3.48(lH,q,J=7.0Bz), 






1H-1,2,4- 
triazole 


solution 


3.94(lH,d,J=15Hz) , 


10 




(0.36ml) 


3.95(3H,s), 






hydro- 


30 min. 


4.06(lH,d,J=15Hz) , 






cn,ior lue 


room 


*■ • 0 £ \ la / U/ J-l *ia& ) $ 






( 0 .13q) 


temperature 


4.94{lH,d, J~14Hz) , 








5.75(lH,s), 6.68- 


15 








6.78(2H,m), 7.33- 
7.45(lH,m), 7.75(lH,s), 
7.83( 1H, s) # 7 .86(lH,s) 
Elemental Analysis for 
CifiHiaF2NgOS : 

A O A O A U 










Calcd.: C50.52; H,4.77? 








N/22.09 

Found; C50.76; H,4.83; 


















N, 22.27 




31 


Methylthiol 


Ethanol 


Compound 32 (0.22g/ 65%) 


25 




deriv. 


(2.5ml) 


mp. 147-148°C 






(Q.25g) 3- 


28% sodium 


1H-NMR(CDC1 3 )6: 






Chloromethyl 


methylate- 


1.25(3H,d, J=6.2Hz) , 






-1-methyl- 


methanol 


3.51(lH,q,J=6.2Hz), 






lH-1,2,4- 


solution 


3.86(lH,d,J=15Hz), 


30 




triazole 


(0.36ml) 


3.93(3H,s), 




hydro- 


20 min. 5 


4.02(lH,d,J=15Hz), 






chloride . 


room 


4.72(lH,d,J=15.2Hz), 






(u.ugj 


tempera tut c 


6.08(1H,S) , 


35 








6.69-6.81(2H,m) , 








7.39-7.51(lH,m) , 
7.72(lH,s), 7.89(1H,S), 
8.04(lH,s) 

Elemental Analysis for 
Cx6H 18 P2N 6 OS: 


40 








Calcd-: C5G.52; H,4.77; 










N, 22.09 

Pound: C50.59; H,4.86; 


















N, 21.90 



45 



50 



55 
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EX. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


32 


Methylthiol 
deriv. 
(0.25g) 3- 
Chloromethyl 
-4-methyl- 
4H-1,2,4- 
triazole 
hydro- 
chloride 
(0.13g) 


Ethanol j 

(2.5ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.36ml) 

15 min. 

room 

temperature 


Compound 33 (0.21g, 62%) 
mp. 197-198°C 
1H-NMR(CDC1 3 )8: 
1.13(3H,d, J=7.0Hz), 
3.48(lH,q, J=7.0Hz), 
3.77(3E,s) , 
3.99(lH,d,J=15.2Hz), 
4.08(lH,d,J=15.2Hz), 
4.60(lH,d,J=14Hz), 
4.82(lH,d,J=14Hz), 
5.35(lH,s), 6.67- 
6.79(2H / m) / 7.27r 
7.41(lH / m) / 7.75(lH,s), 
7.8K1H/S) 8.14(lH,s) 
Elemental Analysis for 
C16H18F2N6OS: 

Calcd.: C50.52; H,4.77; 
N,22.09 

Found: C/50.32; H,4.78; 
N,22.09 


33 


Methylthiol 
deriv. 
(0.25g) 3- 
Chloromethyl 
-4-methyl-5- 
methylthio- 
4H-1,2,4- 
triazole 
hydro- 
chloride 
(0-19g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.36ml) 

15 min. 

room 1 

temperature 


Compound 34 (0.21g, 55%) 
mp. 165-166°C 
1H-NMR(CDC1 3 )8: 
1.14<3H,d,J=7.0Hz), 
2.74(3H,s) , 
3.48(lH,q,J=7.QHz), 
3.59(3H,S) , 
3.94(lH,d,J=15Hz) , 
4.05(lH,d,J=15Hz) , 
4.64(lH,d,J=14.2Hz) , 
4,84(lH,d, J»14.2Hz) , 
5.41(lH,s) , 6.67- 
6.78(2H,ra), 7.28- 
7.41{lH,m), 7.7S(lH,s), 
7.84(lH,s) 

Elemental Analysis for 
C17H20F2N6OS2: 

Calcd.: C, 47.87; H,4.73; | 
N,19.70 

Found: C47.93; H,4.82; 
N,19.76 



46 



50 



55 
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•Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


34 


Methylthiol 

deriv. 

(0.25g) 3- 

Chloromethyl 

-5H-6,7- 

dihydropyrro 

lo[l,2- 
c] imidazole 
hydro- 
chloride 
(0.17g) 


Ethanol 

(2.5ml) 

26% sodium 

methylate- 

methanol 

solution 

(0.36ml) 

15 min. 

room 

temperature 


Compound 35 (0.18g, 50%) 
rap. 150-15i°C 
1H-NMR(CDC1 3 )6: 
1.25(3H,d,J=6.6Hz), 2.61- 
2.73(2H,m), 
2.87(2H,t,J=7.8Hz) , 
3. 56(lH,q,J=6. 6Hz), 
3.62(lH,d,J=15.8Hz) , 
3.946(2H,t,J=7Hz), ! 
4.05(lH,d,J=15.8Hz), 
4.66(lH,d, J=15. 2Hz) , 
4.91(lH,d, J=15.2Hz), 
6.66(lH,s), 6.66- 
6.79(2H,m), 7.39- 
7.52(lH,m), 7.65(lH,s), 
7.87(lH,br.s) , 8.06(lH,s) 
Elemental Analysis for 
Ci 9 H 21 P 2 N 5 OS: 

Calcd.: C56.28; H,5.22; 
N,17.27 

Pound: C56.47; H,5.29? 
N,17.14 


35 


Methylthiol 

deriv. 

(0.3g) 2- 

Chloromethyl 

-4,5- 

dime thy 1- 

thiazole 

hydro- 

cnior iae 

(0.25g) 


Ethanol 
(10ml) 
28% sodium 
methylate- 
methanol 
solution } 
(0.43ml) 
30 min. 
*nof 


Compound 36 (0.3g, 69%) 
mp. 84-86°C 
1H-NMR(CDC1 3 )8: 
1.22(3H,d,J=7Hz), 
2.36(6H,s), 
3.51{lH,q,J=7Hz), 
3.97(lH,d,J=15.4Hz) , 
4.15(lH,d,J=15.4Hz), 

5.03(lH,d,J=14.2Hz), 
5.99(lH,s), 6.68- 
6.77(2H,m), 7.33- 
7.49(11,81), 7.72(1H,S), 
7.86(1H,S) 

Elemental Analysis for 

C18H20F2N4OS2: 

Calcd.: C52.67; H,4.91; 

N,13.65 

Found: C52.32; H,5.08; 
N,13.42 



50 



55 
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Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


36 


Methylthiol 
deriv. 
(0.3g) 2- 
Chloromethyl 
-4-methyl- 
thiazole 
hydro- 
chloride 
(0.23g) 


Ethanol 

(10ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.43ml) 

30 min. 

50°C 


Compound 37 (214mg, 54%) 
mp. 67-69°C 
1H-NMR(CDC13)8: 
1.22(3H,d,J=7H2), 
2.49(3H,S), 
3.49(lH,q,J=7Hz), 
4.08{lH,d,J=15.6Hz), 
4.21{lH,d, J=15.6Hz), 
4.67(lH,d,J=14Hz) , 5.02 
(1H, d«14Hz), 5.74(13,s) 
6.64-6.86(3H,m), 7.33- 
7.48(lH,ra), 7.74(lH,s), 
7.82(lB,s) 


37 


Methylthiol 
deriv. 
(0.3g) 2- 
Chloro- 
raethyl- 
thiazole 
hydro- 
chloride 
(0.22g) 


Ethanol 
(10ml) 
28% sodium 
methylate- 
methanol 
solution 
( o . 4omi) 
30 min. 
50°C 

> 


Compound 38 (0.26g, 65%) 

oily substance 

1H-NMR(CDC13)8: 

1.20(3H,d,J=7Hz), 

3.46(lH,q,J=7Hz), 

4.16{lH,d,J=15.4Hz), 

4.66{lH,d,J=14.2Hz) , 
5.02(lH,d,J=14.2Hz), 6.63- 
6.77(2H,m), 7.33- 
7.48(2H,m), 7.74- 
7.77(2H,m), 7.82(lH,s) 
This product (0.25g) was 
treated with a hydrogen 
chloride-ethyl acetate 
solution to afford 38 
hydrochloride as colorless 
powder (0.23g) . 



Example 38 

AO 



A mixture of (2RS.3SR)-2^2 t 4Kiifluoropheny^ (7 g). 

methyl 3-mercaptopropionate (30.8 ml) and 28% sodium methoxide-methanol (19.6 ml) in methanol (210 
ml) was refluxed for 2 hours. Then, 28% sodium methoxide-methanol (9.8 ml) was added and the mixture 
was refluxed for another hour. Thereafter, methyl 3-mercaptopropionate was added and the mixture was 
further refluxed for 2 hours. The reaction mixture was then cooled, diluted with water (100 ml), neutralized 
with 5% aqueous phosphoric acid solution and extracted with methylene chloride (200 ml x 2). The extract 
was dried over anhydrous sodium sulfate and the solvent was distilled off under reduced pressure. The 
residue was subjected to silica gel chromatography (4 x 50 cm) using ethyl acetate-hexane (3:1) as the 
eiuent and the desired fraction was concentrated. To the residue was added ether to give compound 39 (5.5 
g) as colorless needles. 'H-NMR (CDCI 3 ) 5 ; 1.17(3H,d,J= 7.0Hz). 1.96(1 H,d.J = 10.2Hz). 3.45- 
(1H,d,q,J = 7.0Hz,J = 10.2Hz). 4.77(1H,s), 4.82(1 H.d.J = 14.4Hz), 5.01<1H,d,J=*14.4Hz), 6.70-6.81 (2H.m), 7.33- 
7.45(1H,m), 7.79(1 H.s), 7.80<1H,s) 
m.p. 145-147* C 



Example 39 
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To dichloromethane (5 ml) was added (2RS ( 3RS)-2-{2,4-difluorophenyl)-3-mercapto-1-(lH-1,2.4-triazol- 
1-yl)-2-butanot (0.3 g), followed by addition of triethylamine (0.16 ml) under ice-cooling. Then, acetyl 
chloride (0.082 ml) was added dropwise and the mixture was stirred at room temperature for 30 minutes. 
The solvent was then distilled off under reduced pressure and the residue was subjected to silica gel 
chromatography (2.5 x 20 cm) using ethyl acetate-hexane (2:1) as the eluent. The desired fraction was 
concentrated and hexane was added to the residue to give compound 40 (0.2 g) as colorless needles, 
m.p. 73-75 *C 



Eemental Analysis for Ci*HisF2N 3 02 


Calcd.: 
Found : 


C. 51.37: 
C. 51.19; 


H, 4.62; 
H. 4.53; 


N, 12.84 
N. 12.84 



'H-NMR (CDCb) 5 : 1.10(3H,d,J = 7.2Hz), 2.42(3H,S), 4.29(1 H.q.J = 7.2Hz), 4.67(1 H,d,J = 15.2Hz). 4.91- 
(1H,d,J = 15.2Hz). 5.09(1 H,s), 6.69-6.88(2H,m), 726-7.43(1 H.m), 7.77(1 H,s), 7.78(1 H.s) 



Example 40 



A mixture of (2S.3R)-2K2,4-dmuorophenyl)-3-memyl-2-(1H-1,2,4-triazol-1-yl)methyloxirane (30 mg), 
methyl 3-mercaptopropionate (0.09 ml) and 28% sodium methoxide-methanol (0.08 ml) in methanol (2 ml) 
was refluxed for 2 hours, after which 28% sodium methoxide-methanol (0.04 ml) was added and the mixture 
was refluxed for another hour. Then, methyl 3-mercaptopropionate (0.04 ml) was added and the mixture was 
further refluxed for 2 hours. The reaction mixture was cooled, diluted with water (2. ml), neutralized with 5% 
aqueous phosphoric acid solution and extracted with methylene chloride (3 ml x 2). The extract was dried 
over anhydrus sodium sulfate and the solvent was distilled off under reduced pressure. The residue was 
subjected to silica gel chromatography (1 x 5 cm) using ethyl acetate-hexane (3:1) as the eluent. The 
desired fraction was concentrated and the residue was crystallized from ethyl acetate-isopropyl ether to 
give (2S,3S)-2-(2.4-dffluorcphenyl^^ (compound 42 :11 mg) as 

colorless prisms. 
Mg 5 + 55.7* (c = 1.0. methanol) 

*H-NMR (CDC1 3 ) 5 : 1.17(3H,d.J = 6.8Hz), 1 .96(1H,d,J = 10.4Hz), 3.39-3.54(1 H,m), 4.75(1H.s). 4.81- 
(1H.d,J = 14.4Hz). 5.01 (1H t d.J = 14.4Hz), 6.69-6.81 (2H r m). 7.33-7.46(1 H.m). 7.79(1 H.s), 7.80(1 H.s) m.p. 175- 
178' C 

To determine the enantiomer excess (ee). this product was S-acetylated (compound 44 in Example 43) 
and analyzed by high performance liquid chromatography using a chiral column (Chiralcel® OF. 0.46 cm x 
25 cm. Daicel Chemical) (mobile phase: hexane-tsopropyl aJcohol = 7:3). At a flow rate of 1 ml/minute, 
compound 44 gave a substantially single peak at a retention time of 10 minutes and the enanthiomer 
excess was "determined to be 97.4%. 

[The corresponding racemic compound (compound 40 in Example 39) showed two peaks in a ratio of 
1:1 at retention times of 10 and 17 minutes under the same conditions] 



Example 41 



In methanol (10 ml) were dissolved (2R.3S)-2-(2.4-difluorophenyl)-3-methyl-2-[(1H-1.2.4-triazol-1-yl)- 
methyl] oxirane (0.40 g). methyl 3-mercaptopropionate (1.42 ml) and 28% sodium methoxide-methanol 
(1.25 ml) and the solution was refluxed. After 2 and after 3.5 hours. (0.53 ml and 0.32 ml each of) methyl 3- 
mercaptopropionate were added, and after 2.5 minutes, 28% sodium methoxide-methanol (0.63 ml) was 
added. At 4.5 hours after the beginning of heating, the oil bath was removed and the reaction mixture was 
cooled, neutralized with 1N hydrochloric acid (9.6 ml) and extracted with dichloromethane (100 ml). The 
extract was washed with saturated aqueous sodium chloride solution (20 ml) and dried over anhydrous 
sodium sulfate and the solvent was distilled off under reduced pressure. The residue was purified by silica 
gel chromatography (eluent hexane-ethyl acetate -1:3). The desired fraction was concentrated and the 
resulting crystals were collected and washed with isopropyl ether to give (2R.3R)-2-(2.4-difluorophenyl)-3- 
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mercapto-1-(1H-1,2 t 4-tria2oM-yl)-2-butanol (compound 43 :G\22 g) as colorless needles. 
m.p.176-178"C ' — 

[a]g 6 -56.8* (c = 0.7, methanol) 



Elemental Analysis for Ci2Hi 3 F 2 N 3 OS 


Calcd.: 
Found : 


C. 50.52; 
C, 50.81; 


H f 4.59; 
H, 4.64; 


N, 14.73 
N, 14.64 



1 H-NMR (CDCb) 5 : 1.17(3H,d.J = 7.0Hz), 1 .96(1 H,d,J = 10.2Hz), 3.45(1H,m). 4.76<1H.s). 4.82- 
(1H,d,J = 14.4Hz), 5.01(1H,d,J = 14.4Hz), 6.74(2H.m), 7.33-7.45(1 H.m), 7.79(2H,S) 

To determine its ©nantiomer excess (ee), this product was S-acetylated (compound 45 in Example 44) 
and analyzed by high performance liquid chromatography using a chiral column (Chiralcel® OF. 0.48 cm x 
25 cm, Daicel Chemical) (mobile phase: hexane-isopropyl alcohol = 73). At a flow rate of 1 ml/minute, 
compound 45 gave a substantially single peak at a retention time of 17 minutes and the enanthiomer 
excess was "determined to be 99.7%. 

[The corresponding racemic compound (compound 40 in Example 39) showed two peaks in a ratio of 
1:1 at retention times of 10 and 17 minutes under the same conditions] 



Example 42 . 



To dichloromethane (1 ml) was added (2S,3Sh2-(2 t 4-difluorophenyl)-3-mercapto-1-(1H-1.2,4-triazoJ-l- 
yl)-2-butanol (3 mg), followed by addition of a dichloromethane solution of triethylamine (10%, 16 ul) with 
ice-cooling. Then, a dichloromethane solution of acetyl chloride (10%, 8.2 ul) was added and the mixture 
was stirred at room temperature for 30 minutes. The solvent was then distilled off under reduced pressure 
and the residue was subjected to silica gel chromatography (1 x 1 cm) using ethyl acetate-hexane (2:1) as 
the eluent The desired fraction was concentrated to give (2S,3S)-3-acetylthio-2-(2 t 4-difiuorophenyl}-t-<1H- 
1,2,4-triazol-1-yl)-2-butanol (compound 44 :1.2 mg) a colorless solid. 



Example 43 



In dichloromethane (1.5 ml) was dissolved (2R,3R)-2-(2 I 4-difluorophenyl)-3-mercapto-1-(1H-1 I 2 > 4-triazol- 
1-yl)-2-butanol (60 mg), followed by addition of triethylamine (33 ml) and acetyl chloride (13 ml) under ice- 
cooling. The mixture was then stirred at room temperature for 30 minutes, and then the solvent was distilled 
off under reduced pressure. The residue was purified by silica gel chromatography (eluent: hexane-ethyl 
acetate = 1:2) and the desired fraction was concentrated to give (2R.3R)-3-acetyithic~2-(2,4~difluorophenyl)- 
T-(1H-1.2.4-triazol-1-yl)-2-butanol (compound 45 :59 mg) as a colorless solid. 

1 H-NMR (CDCb) 5 : 1.1 1(3H,d,J=7.2Hz). 2.42(3H,s), 4.31 (1H.4J- 7.2Hz), 4.67(1 H,d,J = 14.4Hz), 4.92- 
(1H,d,J = 14.4Hz), 5.1 1(1H,d,J = 1.8Hz), 6.69-6.88(2^™), 7.27-7.43(1 H,m), 7.78(2H,s) 
The enantiomer excess of this product was determined to be 99.7%. 



Examples 44-53 



In a manner similar to that described in Example 26, (2RS,3RS)-2-{2,4-difluorophenyl)-3-mercapto-1- 
(1H-1.2,4-triazol-1-yl)-2-butanol [(2RS,3RS)-methylthiol derivative in Table 13] was reacted with the 
chlorocompounds Table 13 to give compounds 46 -49 , 51 -55 and 59 . 
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Table 13 



Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


44 


(2RS,3RS)- 
Methylthiol 
deriv. 
(0.25g) 
2-Chloro- 
methyl-1- 
ethyl- 
imidazole 
hydro- 
chloride 
(0.16g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate- 

methanol 

solution 

/ft T /• _ T \ 

(0.36ml) 
15 min. 
20°C 


Compound 46 (0.20g, 57%): 
Colorless prisms 
(recrystallized from 
diethyl ether 
mp. 121-122°C 
1H-NMR(CDC13)8: 

1 *}X/1TT A T— £ 

1 . 1 4 ( JH/ u / J — 0 . OflZ ; r 

1.46(3H,t, J=7.2Hz), 
3.55(lH,qr J=6.6Hz), 
3.75(lH,d,J=15.6Hz) , 
4.00(2H,q,J=7.2Hz), 
4.07(lH,d, J=15.6Hz) , 
4.60(lH,d, J=15.2Hz), 
4.85(lH,d,J=15.2Hz), 6.68- 
6.80(2H,m) , 
6.91(lH r d,J=1.2Hz), 
7.01(lH,d,J=1.2Hz), 
7.41(lH,br.s), 7.43- 
7.52(lH,m), 7.67(lH,s) r 
8.01<lH,s) 


45. 


( 2RS, 3RS)- 

Methylthiol 

deriv. 

(0.25g) 

2-Chloro- 

methyl-1- 

isopropyl 

hydrochoride 
(0.17g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate- 

methanol 

solution* 

(0.36ml) 

13 min. 

20°C 


Compound 47 (0.24g, 67%): 
Colorless prisms 
(recrystallized from 
diethylether-hexane) 
mp. 95-96°C 
1H-NMR(CDC13)8: 
1.23(3H,d,J=6.4Hz), 
1.47(3H,d, J=6.6Hz) , 
1.48(3H,d,J=6.8Hz), 
3.55(lH,q,J=6.4Hz), 
3.77(lH,d,J=15.4Hz), 
4.08(lH,d, J=15.4Hz) , 
4.44(lH,sep. , J=6.6Hz) , 
4.63(lH,d,J=15.2Hz) , 
4.83(lH,d,J=15.2Hz), 6.68- 
6.79(2H,m) , 
6.97(lH,d,J=1.4Hz), 
7.02(lH,d, J»1.4Hz), 
7.38(lH,br.s), 7.38- 
7.52(lH,xn), 7.66(lH,s), 
8.01(1H,S) 



50 
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Ex, 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


46 


(2RS,3RS)- 
Methylthiol 
deriv. 
(0.25g) 

methyl-l-(2- 

fluoroethyl) 

-imidazole 

hydrochoride 

(G.18g) 


Ethanol 
(2.5ml) 
28% sodium 
methylate- 

solution 
(0.36ml) 
10 min. 
20^0 


Compound 48 (0.28g/ 65%): 
Dihydrochloride, colorless 
needles ( recrystallized 
from ethanol-diethyl ether) 

mp. 113*U3 c 
lH-NMR(CDS0-d 6 )8: 
1.06(3H,d,J-6.8Hz) , 
3.49(lH,q,J=6.8Hz), 
4.38(lH,d,J=15.4Hz), 
4.5Q(lH,d r J=15.4Hz), 4.58- 
5.03(6H,m), 6.89- 
7.30(3H f m) , 
7.75<lH,d,J=2.0Hz) , 
7.78(lH r s), 7.89(1H/S) r 
8.66(lH,s), 8.5(lH/br.) 


47 


( 2RS , 3RS)- 
Methylthiol 
deriv. 
(0.25g) 
2-Chloro- 
methyl-1- 
(2/2,2- 
trifluoro- 
ethyl) imida- 
zole hydro- 
chloride 
(0.21g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.36ml) 

10 min. 

20°C 


Compound 49 (0.13g, 28%): 
Dihydrochloride/ colorless 
needles (recrystallized 
from methanol) 
mp. 115-118°C 

ifi-NMR ( CUSU-dg J 0 : 
1.06(3H,d/J=7.0Hz), 
3.52(lH,q,J=7.0Hz), 
4.41(lH,d,J=15.4Hz) , 
4.52(lH,d, J=*15.4Hz) / 
4.63(lH,d,J=14.2Hz) , 
4.91(lH,d,J~14.2Hz) , 
5.48(lH,q,J=8.8Hz) , 
6.4(lH,br.), 6.89- 
7.33(3H f m)/ 7.84(3H/S)/ 
8.55(lH f s) 


48 


( 2RS 1 3RS ) - 

Methylthiol 

deriv. 

(0.25g) 

2-Chloro- 

methyl-1- 

cyclopropyl- 

imidazole 
hydro- 
chloride 
(0.18g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate 

methanol 

solution 

(0.36ml) 

10 min. 

20°C 


Compound 51 (0.29g/ 78%): 
Colorless needles 
(recrystallized from 
diethyl ether) 
mp. 118-121°C 

1H-NMR(CDC1 3 )8: 0.38{2H,m), 
0.70(2H, m), 1.17(lH,m), 
1.23(3H,d/J=7.2Hz) / 
3.55(lH,q,J=7.2Hz), 
3.77(lH,d,J=15.4Hz), 
3.79(2H,d,J=6.8Hz), 
4.07(lH/d,J=15.4Hz) , 
4.59(lH,d,J-14.4Hz) / 
4.85(lH,d,J=14.4Hz) , 6.68- 
6.79(2H/m)/ 7.02(2H,s) f 
7.40(lH,br . ) , 7.40- 
7.52(lH,m), 7.67(lH,s), 
8.01(lH,s) 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


49 


(2RS r 3RS)- 
Me thy 1 thiol 
deriv. 
(0.5g) 
4 -Chi or o- 
methyl-2- 
methyl 
thiazole 
hydro- 
chloride 
(0.39g) 


Ethanol 

(15ml) 

28% sodium 

methylate 

methanol 

solution 

(0.72ml) 

0.5 hour 

50°C 


Compound 52 (0.45g, 65%): 

1H-NMR(CDC1 3 )8: 

1.24{3H,d,J=6.8Hz), 

2.78(3H,s), 

3.52(lH,q,J=6.8Hz) r 

3.82(lH,d,J=14.6Hz), 

4.07(lH,d,J=14.6Hz), 

4.72(lH,d,J=14.4Hz), 

5.08(lH,d, J=14.4Hz), 

6.26(lH,s), 6.68- 

6.78(2H,ro), 6.93(lH,s), 

7.38-7.51(lH,m), 

7.72(lH,s), 7.83{lH r s) 

This product was processed, 

in p^hvl Arpha^P. with 

hydrogen chloride-ethyl 
acetate to afford 
hydrochloride (0.28g), 
mp. 144-146°C. 

Elemental Analysis for 

Ci7Hi8F2N40S2*2HCl»H20: 
Calcd. : C41.89; H,4.55j 

N,11.49 
Pound : C,42.11; H,4.29; 

N,11.32 


50 


(2RSr3RS)- 
Methylthiol 
deriv. 
(0.4g) 
5-Chloro- 
methyl-2- 
methyl 
thiazole 
hydro- 
chloride 
(0.3g) 


Ethanol 

(10ml) 

28% sodium 

methylate 

methanol 

solution 

(0.58ml) 

0.5 hour 

50°C 


Compound 53 (0.4g, 72%): 
1H-NMR(CDC1 3 )S: 
1.15(3H,d,J=7Hz), 
2.70(3H,s), 
3.21(lH,q, J=7Hz), 
3.98(lH,d,J=14.6Hz) , 
4.08(lH,d, J=14.6Hz), 
4.67(lH,d,J-14.2Hz), 
4.92(lB,s) , 

4.99(lH,d,J=14.2Hz), 6.65- 
6.81(2H,m), 7.28- 
7.41(lH,m), 7.47(lH,s), 
7.76(lH,s), 7.77(lH,s) 
mp. 123-124°C 



45 
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EX. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


51 


(2RS/3RS)- 

Methylthiol 

deriv. 

(0.25g) 

2-Chloro- 

methyl-1- 

(2,2- 

difluoroethy 
1) imidazole 
hydro- 
chloride 
(0.19g) 


Ethanol 

(2.5ml) 

28% sodium 

methylate 

methanol 

solution 

(0.36ml) 

10 min. 

20°C 


Compound 54 (0.34g, 77%): 
Dihydrochloride, colorless 
needles (recrystallized 
from ethanol-diethyl ether) 
mp. 112-114°C 
lH-NMR(CMSO-d 6 )8: 
1.18(3H,d,J=7.0Hz), 
3 . 49 ( lH,q, J=7 *0aZ } , 
3.85(lH,d,J=15.2Hz), 
4.10(lH,d,J=15.2Hz), 
4.36(2H, t, J=14.2Hz,d, J=3.6H 
Z), 4.62(lH,d,J=14.2Hz), 
4.88(lH,d,J=14.2Hz) , 
6 . 06 ( 1H, t , J=55Hz / 1 , J=3 . 6Hz ) 
, 6.52(lH,s), 6.69- 
6.78(2H,m), 6.97(lH,s), 
7.05(lH,d,J=1.2Hz), 7.37- 
7.49(lH,m), 7.71(lH,s), 
7.19(lH,s) 


52 


(2RS,3RS)- 

Methylthiol 

deriv. 

(0.25g) 

2-Chloro- 

raethyl-1- 

cyclopropyl 

X lUl Ua ZOlc 

hydro- 
chloride 
(0.17g) 


Ethanol 
(2.5ml) 
28% sodium 
methylate 
methanol 
solution 
(0.36ml) 
1 n min m 

20°C 


Compound 55 (0.26g/ 72%): 
Colorless prisms 
(recrystallized from 
diethyl ether) 
mp. 105-106°C 
1H-NMR(CDC1 3 )S: 0.95- 
l.l7(4H,m) , 

1.26(3H,d,J=7.0Hz) , 3.21- 
3.32(lH,m), 
3.59(lH,q,J=7.0Hz), 
3.94(lH,d,J=15.4Hz), 
4.03(lH,d,J=15.4Hz), 
4.63(lH,d,J*14.8Hz) , 
4.88(lH,d,J=14.8Hz) , 6.67- 
6.80{2H,m) r 
6.87(lH,d,J=1.4Hz) , 
6.93(lH,d,J=1.4Hz) , 7.40- 
7.53(lH,m), 7.65(lH,s), 
7.69(1H,S), 8.03(lH,s) 
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Ex. 
No. 


Starting • 
compounds 


Reaction 
conditions 


Products 




{ 2RS , 3RS ) - 


Ethanol 


Compound 559 ( 0 .15g# 79%): 


Methylthiol 


(2.0ml) 


Colorless needles 




deriv. 


28% sodium 


( recrystallized from 




(0.12g) 


methylate 


diethyl ether) 




2-Chloro- 


methanol 


mp. 141-142°C 




metnyl-1- 


solution 


iH-NMRfCDClaJo: 




(1,3- 


(0.17ml) 


1.16(3H,d,J=6.4Hz), 




dif luoro-2- 


10 min. 


3.47(lH,q,J=*6.4Hz) , 




propyl) 


20°C 


3.88(lH,d,J=15.2Hz) , 




imidazole 




4.11(lH,d,J=15.2Hz) , 4.61- 




hydro- 




4.94(lH,m), 6.28(lH,s), 




chloride 




6.67-6.79(2H,m), 




(0.10g) 




7.06(lH,d,J=1.4Hz) , 








7.1L(lH,d,J=1.4Hz) , 7.36- 








7.48(lH f m), 7.72<lH,s), 








7.89(1H,S) 



Example 54 

25 

A mixture of (2RS,3SR)-2K2,4HjiflucrophenyH^ (0.18 g), 1- 

methyl-2-(2-mercaptoethyl)imidazole (0.10 g). 28% sodium methoxide-methanol (0.20 ml) and ethanol (5.4 
ml) was reflux8d for 1 hour. The reaction mixture was then diluted with water (10 ml) and extracted with 

30 diethyl ether (20 ml x 3). The extract was washed with saturated aqueous sodium chloride solution (10 ml}, 
dried over anhydrous magnesium sutfate and concentrated under reduced pressure. To the residue was 
added diethyl ether to give crude crystais of (2R^,3RS)-2-(2.4-difluorophenyl)-3-t2-(1-methylimida20l-2-yl)- 
ethyl]thio-l-(1H-1^,4-tria20l-1-yl)-2-butanol (0.098 g). The crystals were recrystallized from ethyl acetate to 
give 0.050 g of the compound (compound 50 ). 

35 m.p. 175-176" C 

'H-NMR (CDCI 3 ) 5 : 1.20(3H.dJ = 8.6Hz). 2J-3.6(5H.m), 3.60(3H,s). 4.71 (lH,d.J = 14.2Hz), 5.03- 
(1H,d,J = 14.2Hz), 6.67-6.77(2H,m), 6.87(1 H,s), 7.08(1 H,s), 7.43-7.55(1 H,m), 7.69(1 H,s), 7.82(1 H,s), 8.03- 
(1H,s) 



40 


Elemental Analysis for Ci8H2tF 2 NsOS 




Calcd.: 


C t 54.95; 


H. 5.38; 


N, 17.80 




Found : 


C, 55.04; 


H, 5.39; 


N, 17.62 



45 



Example 55 



To a solution of (2RS,3RS)-2-(2.4^ifluorophenyl)-3^ (0.060 
g), 4-bromomethyl-5-methyl-2-oxo-1,3-dioxol (0.049 g) in N,N-dimethylformamide (2.0 ml) was added 
anhydrous potassium carbonate (0.20 g) at -20 - C and the mixture was stirred for 10 minutes. To the 
reaction mixture were added ethyl acetate (10 ml) and water (10 ml), and organic layer was separated. The 
55 mixture was further extracted with ethyl acetate (10 ml x 2). The organic layers were combined, washed 
with saturated aqueous sodium chloride solution (10 ml), dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was subjected to silica gel chromatography (1 cm x 5 
cm), and elution was. carried out with ethyl acetate-hexane (1:1). The desired fraction was concentrated and 
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the residue was crystallized from chloroform-diethyl ether to give (2RS,3RS>-2-(2,4-drfluorophenyl)-3-(5- 
memyl-2-oxo-1.3-dioxol-4-yl)methyttW (compound 56 , 0.065 g). m.p. 

173-174* C 

'H-NMR (CDCfe) 5 : 1-20(3H.d,J = 7.0Hz), 2.15(3H.s), 3.32(1 H,q, J = 7.0Hz), 3.67(1 H,d.J 35 1 S.4Hz), 3.77- 
(1H,d.J = 15.4Hz), 4.83(1 H,d,J = 14.2Hz), 5.04(1 H.d.J = 14.2Hz), 5.11(1H,d,J = 1.6Hz), 6.68-6. 79(2H,m), 7.30- 
7.42(1 H,m). 7.79(1 H,s), 7.80(1 H,s) 



Elemental Analysis for CizH^NgCUS 


Calcd.: 
Found : 


C, 51.38; 
C. 51.39; 


H, 4.31; 
H, 4.30; 


N, 10.57 
N, 10.55 



Example 56 



In 1,2-dichloroethane (5.0 ml) was dissolved N-(2-pyrazinylmethyl)chloroacetamide (0.50 g) followed by 
addition of phosphorus oxychloride (5.0 ml) at room temperature. The mixture was refluxed for 40 minutes 
and. then, concentrated under reduced pressure. The residue was dissolved in methanol (1.0 ml) followed 
by addition of diethyl ether to give crude 3-chloromethylimidazo[1.5-a]pyrazine hydrochloride as powder 
(0.46 g). This powder (0.18 g) was added to a mixture of (2RS,3RS)-2-(2,4^jifluorophenyl)-3-mercapto-1- 
(1H-1,2.4-triazol-1-yl)-2-butanol (0.25 g), ethanol (2.5 ml) and 28% sodium methoxide-methanol (0.36 ml) at 
room temperature and the mixture was stirred for 7 minutes. The reaction mixture was poured into water (20 
ml) and extracted with ethyl acetate (20 ml x 3). The organic layers were combined, washed with saturated 
aqueous sodium chloride solution (10 ml), dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure. The residue was subjected to silica gel chromatography (2 cm x 8 cm), and elution was 
carried out with methanol-methylene chloride (535). The desired fractions were combined and further 
subjected to silica gel chromatography (2 cm x 8 cm) and elution was carried out with methylene chloride- 
ethylacetate (1 :2). The desired fractions were cornbined and concentrated. To the residue were added to a 
mixture of diethyl ether and hexane. whereupon (2RS,3RS)-2-(2.4-difluorophenyl)-3-(imidazo[1.5-a]pyradin- 
S-yOmethylthio-l-flH-l^^triazoI-l-yO^-butanol (compound 57 :0.02 g) was separated out as a colorless 
powder. 

>H-NMR (CDCI 3 ) 5 : 1.14(3H,d,J = 7.0Hz). 3.34(1 H,q. J = 7.0Hz). 4.28(1 H.d.J = 15Hz), 4.38(1 H.d.J = 15Hz). 
4.49(1 H,d.J = 1 4.4Hz). 4.86(1 H.d.J = 14.4Hz), 5.56(1 H.br.S). 6.66-6.77(2H i m). 7.27-7.44(1 H,m). 7.62- 
(1H.d,J = 5.0Hz), 7.74(1 H,s), 7.77(1 K,s), 7.80(1 H,s). 7.86(1 H,d,J = 5.0Hz). 9.01 (1 H.d.J = 1 .4Hz) 
SIMS(m/z):417(MH*) 



Example 57 



A methanol (25 ml) solution containing (2RS.3RS)-2-(2,4-difluoropheny l)-3-methyl-2-(1 H-1 ,2,4-triazoM - 
y1)methyloxirane (1.1 g), methyl 3-mercaptopropionate (2.5 ml). 28% sodium methoxide-methanol (2.4 ml) 
was refluxed for 3 hours. After addition of 28% sodium methoxide-methanol (1.2 ml) the mixture was 
refluxed for 2 hours. After cooling, the reaction mixture was diluted with water (25 ml), neutralized with 5% 
aqueous phosphoric acid solution and extracted with methylene chloride (25 ml x 3). The extract was dried 
over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was subjected to 
silica gel chromatography (4 x 50 cm) and elution was carried out with ethyl acetate-hexane (3:1). The 
desired fraction was concentrated, and ether was added to the residue to give compound 60 (0.5 g) as 
colorless needles. 

The above product (0.5 g) was recrystallized from ethyl acetate (40 ml) to give colorless prisms (0.2 g) 
of compound 60 . 
m.p. 107-109 C 

1 H-NMR (CDCI3) S : 1 .47(3H.d,J = 7Hz), 2.11(1H,d.J = 8.4Hz). 3.61(1H,q.J = 7Hz), 6.42(1 H.d.J = 1 4.2Hz), 4.71- 
(1H,d.J = 14.2Hz). 5.84(1H.s). 6.81-6.92(1 H,m), 6.99-7.1 5(1 H.m). 7.21-7.37(1 H,m). 7.65(1H.s), 8.23(1H.s) 
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Elemental Analysis for C12H13F2N3OS 


CaJcd: 
Found : 


C, 50.52; 
C, 50.31 ; 


H, 4.58; 
H, 4.59; 


N, 14.73 
N, 14.60 



Example 58 

10 

1 To dichloromelhane (5 ml) was added (aRS.aSRJ-a^.^ifluorophenylha-mercapto-I^IH-l^^triazol- 
Vyl)-2-butanol (0.35 g) f followed by addition of triethylamine (0.18 ml) under ice-cooling. Then, acetyl 
chloride (0.1 ml) was added dropwlse and the mixture was stirred at room temperature for 30 minutes. The 
1S solvent was then distilled off under reduced pressure and the residue was subjected to silica gel 
chromatography (2.5 x 20 cm), and elution was carried out with ethyl acetate-hexane (2:1). The desired 
fraction was concentrated, and hexane was added to the residue to give compound 61^ (0.22 g) as colorless 
needles. 
m.p. 1 28-1 30 *C 

20 1 H-NMR (CDCb) 5 : t.57(3H,d.J = 7Hz), 2.14(3H,s), 4.22(1 H.q J = 7Hz). 4.55(1 H.d,J = 14Hz), 4.99- 
(1H,d,J = 14Hz), 5.13(1H,s), 6.62-6.79(2H,m), 7.31-7.42(1 H.m), 7.77(1H,s), 7.87(1 H,s) 





Elemental Analysis for C^HisFaNaOaS 


25 


Calcd.: 


C, 51.37; 


H, 4.62; 


N, 12.84 




Found : 


C, 51.32; 


H, 4.61; 


N, 12.71 



30 

Example 59 



35 in dichloromethane (5 ml) was dissolved (2R i 3R)-2-(2,4-difluorophenyl)-3-mercapto-1-(1H-1 t 2,4-triazol-1- 
y1)-2-butanol (143 mg). followed by addition of triethylamine (0.076 ml) and isobutyryl chloride (58.6 mg) 
under ice-cooling. The mixture was stirred at room temperature for 15 minutes, and then the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel chromatography (eluenthexane- 
ethyl acetate =1:2). The desired fraction was concentrated to give (2R,3R)-2-{2,4-difluorophenyl)-3- 

40 isobutyrylthio-1-<1H-1.2,4-trlazol-1-yl)-2-butanol (compound 82 . 140 mg) as a colorless syrup. This product 
was treated with 4N hydrochloric acid (in ethyl acetate) to give the hydrochloride, which was then 
crystallized from ether to give compound 62 hydrochloride (156 mg) as a colorless powder, 
m.p. 129-138 'C ~~ 

'H-NMR (CDCb) « : 1.03(3H.d,J= 7.0Hz), 1.1B(6H,dd,J = 6.8Hz,J = 4.0Hz), 2.840H.m), 4.33(1 H,q,J = 7.0Hz); 
45 4.67(2H,s), 6.92(1 H,m), 7.08-7.30(2H.m), 7.76(1 H,s), 8.42(1 H,s) 



Example 60 



Methyl 3-mercaptopropionate (0.88 ml) was added to N.N-dimethylformamide (14 ml) containing 60% 
sodium hydride in oil (0.32 g) under ice-cooling. After 5 minutes, a solution of 2-(2,4-difiuorophenyl)-2-[1- 
(1H-1,2,4-triazol-1-yl)ethyl]oxirane (0.67 g) in N.N-dimethylformamide (3.5 ml) was added over 5 minutes 
with ice-cooling. After 15 minutes, the reaction mixture was poured into water (150 ml), neutralized with 
55 hydrochloric acid and extracted with ethyl acetate (50 ml x 3). The organic layers were combined, washed 
with saturated aqueous sodium chloride solution (30 ml x 2), dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was subjected to silica gel chromatography (3 cm x 10 
cm) and elution was carried out with ethyl acetate-hexane (1:1). The desired fraction was concentrated and 
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diethyl ether was added to the residue to give crude crystals (0.25 g) of 2-(2,4-difluorophenyl)-1-mercapto- 
3-[(1H)-1,2,4-triazol-1-yl>2-butanol (of low polarity; compound 116 , diastereomer B). The crystals were 
recrystallized from a mixture of chloroform and diethyl ether to give 0.21 g of compound 1^6 . The mother 
liquor of the above crude crystals was further subjected to silica gel chromatography (2 cm x 12 cm) and 
s elution was carried out with ethyl acetate-hexane (1:1). The desired fraction was concentrated and diethyl 
ether and hexane were added to the residue to give crude crystals (025 g) of 2-(2,4-difluorophenyl)-l- 
mercapto-3-[(lH)-1 f 2Atria20l-1-yl>2-butanol (of high polarity; compound 115 , diastereomer A). The cry- 
stals were recrystallized from a mixture of chloroform and diethyl ether to give crystals of compound 115 
(0.11 g). 

w Compound 115 (diastereomer A) 
m.p. 112-117*7) (colorless prism) 

1 H-NMR (CDCb) a : 1.19(1 H,t, J = 8.2Hz), 1.69(3H,d,J = 7.0Hz), 3.05(1 H.d.J = 8.2Hz,d,J = 14Hz), 3.31- 
(1H,d,J = 8.2Hz,d.J = 14Hz). 4.55(1 H,s). 5.08(1 H.q.J* 7.0Hz), 6.68-6.79(2H.m), 7.23-7.35(1 H,m). 7.73(1 H,s), 
7.88(1 H,s) 
75 Compound 1 16 (diastereomer B) 
m.p. 183-184 C 

'H-NMR (CDCI3) S : 0.93(1 H,d.J = 6.8Hz.d,J = 1 0.2Hz), 1.36(3H,d,J = 7.0Hz), 2.18(1H.d,J = 14Hz,d,J = 10.2Hz), 
3.28(1 H,d f J =6.8Hz.d,J - 1 4Hz), 4.19(1H,s), 5.09(1 H.q, J =7.0 Hz), 6.80-7.04{2H,m), 7.67-7.79(1 H,m), 7.99- 
(1H,s), 8.29(1 H.s) 

20 

Example 61 



25 To ethanol (25 ml) were added (2R,3R)-2-(2 t 4-difluorophenyl)-3-mercapto-1-(1H-1^ t 4-triazol-1-yl)-2- 
butanol (0.9 g) and 4-ch/oromethyl-2-methylthiazole hydrochloride (0.7 g), followed by addition of 28% 
sodium methoxide-methanol (1.3 ml) with constant stirring at room temperature. The mixture was further 
stirred at room temperature for 30 minutes, and then ethyl acetate (100 ml) and water (100 ml) were added. 
The ethyl acetatB layer was separated and the aqueous layer was extracted with ethyl acetate (50 ml). The 

30 ethyl acetate layers were combined, washed with water (50 ml), dried (MgSO*) and concentrated under 
reduced pressure. The residue was purified by silica gel column chromatography (2.9 x 100 cm; 
eluentethyl acetate-acetone = 4:1). The desired fraction was concentrated to give compound 107 (0.8 g) as 
a colorless oil. 

1 H-NMR (CDCI3) 6 : 1 .24(3 H,d, J = 7.2Hz), 2.79(3H,s), 3.49(1 H,q,J = 7.2Hz), 3.82(1 H,d,J = 14.6Hz), 4.07- 
35 (1H,d,J = 14.6Hz), 4.68(1 H,d,J = 14.8Hz), 5.08(1 H,d,J = 14.6Hz), 6.25(1H,s), 6.89-6.78(2H f m), 6.93(1H,s), 7.36- 

7.50(1 H,m), 7.72(1 H,s), 7.83(1 H,s) 4 
This product (0.8 g) was treated with 4N HCI-ethyl acetate to give the hydrochloride as colorless 

crystals (0.64 g). 

m.p. 165-167* C 
40 [«]§ 3 - 83.1 " (c * 1 .0, methanoi) 



Elemental Analysis for 






Ci7H,8F 2 N40S2'2HCn£H 2 0 




Cafcd.: 


C. 4268; 


H. 4.42; 


N. 11.71 


Found : 


C, 42.64; 


H, 4.37; 


M, 11.59 



so 

Example 62 



In ethanoi (7.5 ml) was dissolved (2R t 3R>-2-(2,4-dKluorophenyl)-3-mercapto-l-(1H-l.2.4-triazol-1-yl>-2- 
butanol (0.74 g), followed by addition of 28% sodium methoxide-methanol (1.06 ml) and 2-chloromethyM - 
cyclopropylimidazole hydrochloride (0.5 g) with stirring at room temperature. The mixture was stirred at 
room temperature for 10 minutes, then diluted with water (20 ml) and extracted with ethyl ether (20 ml x 3). 
The extract was washed with saturated aqueous sodium chloride solution, dried (MgSO*) and concentrated 
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under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate — 
ethyl acetate - methanol = 955) and crystallized from ethyl ether to give compound V10 (0.82 g) as 
colorless prisms. 
[ajg 3 - 1 1 9.5 * (c = 1 .0, methanol) 
s m. p. .127-128* C 





Elemental Analysis for Ci9H2iF2NsOiSi 




Calcdi: 


C. 56.28; 


H, 5.22; 


N. 17.27 


10 


Found : 


C; 56.34; 


H. 5.26; 


N, 17.14 



1 H-NMR (CDCI 3 ) 6 : 0.95-1 .17(4H,m). 1.26(3H,d,J= 7.0Hz), 3.20-3.33(1 H.m), 3.60(1 H,q,J = 7.0Hz), 3.94- 
(1H,d.J = 15.4Hz), 4.03(1 H,d,J = 15.4Hz), 4.62(1 H.d.J = 14.2Hz). 4.88(1 H.d.J = 14.2Hz), 6.67-6.80(2H,m), 6.87- 
75 (1 H,s), 6.93(1 H,s), 7.40-7.53(1 H,m), 7.65(1 H ( s), 7.68(1 H.s). 8.03(1 H.S) 



Example 63 



In N.N-dimethylformamide (30 mi) were dissolved (2R.3R)-2-(2,4-drfluorophenyl)-3-mercapto-1-(1H- 
1,2,4-triazol-1-yl)-2-butanol (1.0 g) and 4-bromomethyl-5-methyl-1,3-dioxol-2-one (0.81 g) followed by addi- 
tion of potassium carbonate (3.0 g) at room temperature with stirring. The mixture was further stirred for 7 
minutes, then diluted with water (100 ml) and. extracted with ethyl acetate (50 ml x 3). The organic layers 

25 were combined, washed with saturated aqueous sodium chloride solution (30 ml x 2), dried (MgSOO and 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl 
acetate-hexane = 1:1—2:1) and the resulting oil was crystallized from a mixture of chloroform and ethyl ether 
to give compound 111 (1 .0 g) as colorless needles, 
rn.p. 133-134* C 

30 [a]g 3 - 77.8 * (c * 1 .0, methanol) 





Elemental Analysis for C17H17F2N3O4S1 


35 


Calcd.: 


C, 51.38; 


H, 4.31; 


N, 10.57 


Found : 


C, 51.20; 


H, 4.35; 


N, 10.52 



1 H-NMR <C0CI 3 ) S : 1.20(3H,d,J= 7.2Hz), 2.15(3H,s), 3.32(1 H,q, J = 7.2Hz), 3.67(1 H,d,J = 15.2Hz), 3.77- 
40 (1 H,d,J = 15.2Hz), 4.83(1 H.d.J = 1 4.2Hz), 5.04(1 H.d.J = 1 42Hz), 5.1 1 (1 H.d.J = 1 .4Hz), 6.6fr6.79(2H,m), 7.30- 
7.42(1 H,m), 7.79(TH,s), 7.80(1 H,s) 

Example 64 

45 

(2R,3R)-2-(2.4-difluorophenyl)-3-mercapto-1-(1H-l l 2,4-triazol-1-yl)-2-bu (0.25 g) was dissolved in 
ethanol (25 ml), followed by addition of 28% sodium methoxide-methanol (0.36 ml) and 3-chIoromethyl-4- 
cyclopropyl-4H-1 t 2,4-triazole hydrochloride (0.17 g) with stirring at room temperature. The mixture was 

50 stirred for 10 minutes, then diluted with saturated aqueous sodium chloride solution (3 ml) and extracted 
with ethyl acetate (10 ml x 3). The organic layers were combined and dried (MgSO«) and the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel column chromatography 
(methylene chloride:methanol = 98:2-*95:5-1:9) to give compound VU (0.29 g) as a colorless oil. 
'H-NMR (CDCb) 5 : 1.f>1.1(4H.m), 1.18(3H.d.J = 6.8Hz), 3.28-3.40(1 H.m), 3.57(1 H,q J = 6.8Hz). 4.04- 

56 (1 H.d.J = 15Hz), 4.16(1 H.d,J=*15Hz), 4.64(1 H.d,J = 14.2Hz), 4.84(1 H.d,J = 14.2Hz). S^IH.s), 6.66-6.80- 
(2H,m), 7.30-7.43(1 H.m), 7.73(1 H,s), 7.86(1 H,s), 8.12(1H,s) 

The above product was dissolved In ethyl acetate followed by addition of hydrogen chloride-ethyl 
acetate. The precipitate was crystallized from ethanol-ethyl acetate to give compound 114 dihydrochloride 
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(0.31 g) as a colorless powder. 
[a]g 3 -75.6 # (c = 1.0, methanol) 



Examples 65-75 



In a manner similar to that described in Example 64, (2R,3R>-2-(2 t 4-difluorophenyl)-3-mercapto-1-(1H- 
1,2,4-triazol-1-yl)-2-butanol [in Table 14, simply referred to "(2R,3R)-methyl thiol deriv.] was allowed to react 
w with the chloro-derivative shown in Table 14 to afford Compounds 78 , 97 , 99 , 108 , 109 , 1 12. 121 -125 . 



/ 



75 



20 



25 



30 



35 



40 



46 



50 



55 



93 
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Table 14 



5 


Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


10 
15 
20 


65 


(2R,3R)- 
Methylthiol 
deriv. 
(0.4g) 
5-Chloro- 
methyl-2- 
methyl 
thiazole 
hydro- 
chloride 
(0.3g) 


Ethanol 

(15ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.58ml) 

15 min. 

20°C 


Compound 108»dihydro- 
chloride (0.45g, 81%): 
Colorless powder 
(crystallized from ethanol- 
ethyl ether) 
mp. 52-54*C 
lH-NMR(DMSO-d 6 )8: 
1.02(3H,d,J»7Hz), 
2.69(3H,s), 
3.32(lH,q,J=7Hz) , 
4.02<lH,d,J=15Hz) , 
4.17(lH,d,J=15Hz) , 
4.61(lH,d,J=14Hz) , 
4.95(lH,d,J=14Hz) , 6.82- 
6.94(lH,m) r 7.06- 
7.28<2H,m), 7,67{lH,s), 
7.88(1H,S), 8.65(lH f s). 


25 








[a]£ 3 -74.1" 

(c»1.0, in methanol) 


30 
is 
40 


66 


(2R,3R)- 

Methylthiol 

deriv. 

(0.4g) 

2-Chloro- 

methyl-4- 

raethyl 

thiazole 

hydrochoride 

(0.3g) 


Ethanol 
(15ml) 
28% sodium 
methylate 
methanol 11 
solution 
(0.57ml) 
15 min. 
20°C 


Compound 99«dihydro- 
chloride(0.36g, 65%): 
Colorless powder 
(crystallized from a 
mixture of ethanol and 
ethyl ether) 
rap. 158-160°C 
lH-NMR(DMS0-d 6 )8: 

1.03( Jn,a,J— 7HZ ) , 

2.37(3H,s), 
3.55(lH,q,J=7Hz), 
4.07{lH,d,J=15Hz), 
4.21(lH,d,J=15Hz), 
4.62(lH,d,J=14Hz), 
4.95(lH,d,J=14Hz) , 6.80- 
6.93(lH,m), 7.02- 
7.29{2H,m), 7.20(1H,S), 
7.7l(lH,s), 8.46(1H,S) 


45 








[a]^ 3 -70.0» 

(c=1.0, in methanol) 



so' 



55 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


67 


(2R,3R)- 

Methylthiol 

deriv. 

(0.4g) 

2-Amino-4- 

chloromethyl 

thiazole 

hydrochoride 

(0.3g) 


Ethanol 

(15ml) 

28% sodium 

methylafce- 

methanol 

solution 

(0.58inl) 

30 min. 

20°C 


Compound 121«dihydro- 
chloride(0.32g / 57%): 
Colorless powder 
(crystallized from ethyl 
ether) 

mp. 178-18Q°C 
1H-NMR ( DMSO-d6 ) 5 : 
1.03(3B,d,J=7Ez) , 
3.33(lH,q, J=7Hz) , 
3.83(lE,d,J«15Ez),3.99(lH,d 
,J=15H2), 

4.61{lE,d,J=14Ez), 
4.99(lS,d,J=14Ez), 
6.02(2B,bs), 6.84(lE,s), 
6.86-6.94(lH,m), 7.08- 
7.31(2B,m), 7.90(lS,s), 
8.71(1S,S) 


68 


(2R,3R)- 
Methylthiol 
deriv. 
(O.OSg) 
3-Chloro- 
metlvyl- 
imidazotl, 5- 
alpyrazine 
hydro- 
chloride 
(0.36g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.72ml) 

25 min. 

20°C 


Compound 112*dihydro- 
chloride(0.61g, 70%): 
Colorless powder 
(crystallized from a 
mixture of ethanol and 
ethylether) 
mp. 102-105*C 
lH-NMR(DMSO-d 6 )8: 
0.99(3B,d, J=6.6Hz) , 
3.52{lB,q,J«6.6Hz) , 
4.50(lE,d,J=14Ez), 
4.55(lH,d,J=15Ez), 
4.69(lB,d,J=15Ez), 
4.85(lE,d r J=14Ez), 6.80- 
7.3Q(3E,m) , 
7.89(lB,d,J=5.4Hz), 
8.12(lE f s) , 8.62<lH,s), 
8.89(lE,d,J=5.4Hz), 
8.98(1B,S), 9.73(lE,s) 
SIMS (m/z): 417 (ME+) 

(a]J 3 -130.3° 

(c=1.0, in methanol) 



45 



50 



55 
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Ex. 
No. 


. Starting 
compounds. 


Reaction 
conditions 


Products 


69 ; 


(2R,3R)- 

Methylthiol 

deriv. 

(0.60g) 

2-Chloro- 

raethyl-1- 

(2,2- 

difluoroethy 
1) imidazole 
hydro- 
chloride 
(0.46g) 


Ethanol 

(6.0ml) 

28% sodium 

methylate 

methanol 

solution 

(0.86ml) 

25 min. 

20°C 


Compound 109«dihydro- 
chloride (0.88g f 83%): 
Colorless prisms 
(crystallized from a 
mixture of ethanol and 
ethylether) 
mp. 105-110°C 
lH-NMR(DMSO-d 6 )S: 
1.07(3H,d,J=7Hz) , 
3.51(lH,q,J=7Hz) , 
4.42(lH,d,J=15Hz) , 
4.55{lH,d,J*15Hz) , 
4.65(lH,d,J=14Hz) , 
4.94(2H,dt,J=3Hz,14Hz) , 
4.97(lH,d,J=14Hz), 
6 . 60 ( 1H, tt , J»3Hz , 55Hz ) , 
6.80-7.30(3H,m), 
7.79(2H,s), 8.00(lH,s), 
8.85(lH,s) 

Elemental Analysis for 

Cx8H 19 F4N50S«2HCl: 
Calcd.: C,43.04; H,4.21; 

N,13.94 
Pound : C,43.06; H,4.23; 

N, 13.96 

[a]£ 5 -51.8" 

(c=1.0, in methanol) 


70 


(2R,3R)- 

Methylthiol 

deriv. 

(0.7g) 

4-Chloro- 

methyl-2- 

trifluoro- 

methyl 

thiazole 

(0.66g) 


Ethanol 
(15ml) 
28% sodium 
methylate 
methanol 
solution 
(0.46ml) 
30 min. 
20 °C 


Compound 122 hydrochloride 
(0.9g, 82%): Colorless 
powder (crystallized from 
ethyl ether) 
mp. 55-58°C 

A o — NWrl [ UnoU^Qg ; O • 

1.03(3H,d,J=7Hz), 
3.50(lH,q,J=7Hz) , 
4.08{lH,d,J=15Hz), 
4.19(lH,d,J=15Hz) , 
4.49(lH,d,J=14Hz), 
4.90(lH,d,J=14Hz), 6.83- 
6.95(lH,m), 7.07- 
7.26(2H,m), 7.84{lH,s), 
8.07(lH,s), 8.60{lH,s) 

SIMS (m/z):4Sl (MH+) 



50 
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Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


71 


(2R,3R)- 
Methylthiol 
deriv. 
(0.4gj 
4-Chloro- 
methyl-2- 
cyclopropyl 
thiazole 
hydro- 
chloride 
(0.35g) 


Ethanol 

(20ml) 

28% sodium 

methylate 

methanol 

solution 

(0.58ml) 

30 min. 

20°C 


Compound 123«dihydro- 
chloride(0.35gi 61%): 
Colorless prisms 
(crystallized from ethyl 
ether) 

mp. 123-125°C 
!H-NMR(DMSO-d6)6: 0.95- 
1.21(7H,m), 2.36- 
2.50(lH f m), 3.33- 
3.55(2H,m), 
3.36(lH,d,J=15Hz), 
3.99(lH,a/J-15Ez) , i 
4.45{lH,d,J=14Hz), 
4.92(lH,d, J=14Hz) , 6.83- 
6.92(lH,m), 7.08- 
7.26(2H,m) f 7.31(lH,s), 
7.92(1H,S), 8.76(lH,s) 

SIMS (m/z): 423 (MH+) 

[a ]£ 3 -89.0" 

(c=1.0, in methanol) 


72 


(2R,3R)- 

Methylthiol 

deriv. 

(l.Og) 

2-Chloro- 

methyl-1- 

methyl 

imidazole 

U..^3 mm A — 

hydro- 
chloride 
(0.60g) 


Ethanol 
(10ml) 
28% sodium 
methylate 
methanol 
solution 
(1.44ml) 
22 min. 


Compound 78«dihydro- 
chloride (l.lg, 69%): 
colorless powder 
lH-NMR(DMSO-d 6 )8: 
1.06(3H,d,J=7.0Hz), 
3.44(lH r q,J=7.0Hz), ! 
3.91(3H,s), 
4.40(lH,d,J=15Hz), 
4 52( lH,d,J=15Hz) , 
4.62(lH,d,J=14.2Hz), 
4.98(lH,d, J=14.2Hz), 6.9- 
7«4(3H,m), 7.67(lH,s), 
7.75(1H,S), 8.12(lH,S) r 
9.04(1H,S) 

SIMS (m/z): 380 (MH+) 

tajJ 5 -57-9° 

(c=1.0, in methanol) 



50 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


73 


(2R,3R)- 

Methylthiol 

deriv. 

(O.SOg) 

2-Chloro- 

methyl 

imidazole [1, 
2-a]pyrazine 
(0.30g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate 

methanol 

solution 

(0.36ml) 

20 min. 

20°C 


Compound 124«dihydro- 
chloride (0.60g, 70%): 
colorless powder 
(crystallized from ethyl 
acetate) 
mp. 93-96°C 
lH-NMR(DMSO-d 6 )8: 
1.09(3H,d,J=6.6Hz), 
3.54(lH,q,J=6.6Hz), 
4.20(lH,d,J=15Hz) , 
4.3G(lH,d,J=15Hz) , 
4.70(lH,d,J=14.2Hz) , 
5.01{lH,d,J=14.2Hz) , 6.9- 
7.4(3H,m), 7,98(lH,s), 
8.23{lH,d,J=4. 4Hz), 
8.55(lH,s), 8.86(lH,s), 
9.02(lH,d,J=4.4Hz), 
9.49(lH,s) , 11.4(lH,br.) 

[a]£ 5 -72.0» 

(c=0.94, in methanol) 


74 


(2R,3R)- 

Methylthiol 

deriv. 

(0.5Og) . 

2-Chloro- 

methyl 

imidazole [ 1/ 
2-al- 

pyrimidine 
(0.30g) 


Ethanol 
(5.0ml) 
28% sodium 
methylate 
methanol 
solution 
(0.36ml) '* 
15 min. 
20°C 


Compound 125«dihydro- 

chloride (0,60g, 70%): 

colorless powder 

(crystallized from ethyl 

acetate) 

mp. 105-110 C C 

iH-NMR(DMSO-d 6 )8: 

l.ll(3H,d,J=6.8Hz), 

3.49(lH,q,J=6.8Hz), 

4.20(lH,d,J=14.8Hz) , 

4.32(lH,d,J=14.8Hz) , 

4.76(lH,d,J=13.8Hz), 

4.99{lH,d,J=13.8Hz) , 6.8- 

7.4(3H,m), 

7.69(lH,d,d,J=4.4Hz, 
6.6Hz), 7.83(lH,s), 
8.34(1H,S), 8.69{lH,s), 
9.04(lH,d,d, J»1.6Hz r 
4.4Hz) , 

9.41(lH,d,d, J=1.6Hz, 6.6Hz) 

[a]J 5 -66.2* 

(c«1.0, in methanol) 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


5 
10 
IS 


75. 


(2R,3R)- 

Methylthiol 

deriv. 

(0.50g) 

3-Chloro- 

methyl-5E- 

6,7- 

dihydropyrro 
lo[l,2- 
c] imidazole 
hydro- 
chloride 
(0.34g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate 

methanol 

solution 

(0.72ml) 

10 min. 

20°C 


Compound 97»dihydro- 
chloride (0.479/ 56%): 
Colorless powder 
lH-NMR(DMS0-de)6: 
1 .11 [ 3a. r Or J-o • ottz ; r 
2.62(2S,m), 
2.98(2H, t/J=7.0Hz) , 
3.42(lH,q,J«6.8Hz), 4.2- 
4.5(4H,m), 
4.69(lH,d,J=14Hz) , 
4.93(lH,d,J=14Hz), 6.9- 
7.3(3H,m), 7.38(lH,s), 
7.92(lH,s), 8.67(1H,9). 

[a]J 5 -54.5« 


20 








(c=*0.60, in methanol) 


25 








Elemental Analysis for 

Ci9H2iP2NsOS» 2HC1«H 2 0: 
Calcd.: C,45.97; H,5.08; 

N,14.11 
Pound : C,46.11; H,5.44; 

N,13.67 



Example 76 



In methanol (25 ml) were dissolved (2S.3S)-2-(2,4Klifluorophenyl)-3-methyl-2-[(1H-1 £4-triazoH-yl)- 
35 methyl oxirane (1.0 g), methyl 3-mercaptopropionate (3.5 ml) and 28% sodium methoxide-methanol (3.07 g) 
and the solution was refluxed in an oil bath. After 2 and after 3 hours, methyl 3-methylpropionate (1.75 ml) 
and 28% sodium methoxide-methanol (1.5 g) were added at each time. The oil bath was removed after 
heating for 4 hours and the reaction mixture was neutralized with cold 1N hydrochloric acid (32 ml) and 
extracted with dichloromethane (200 ml). The extract was washed with saturated aqueous sodium chloride 
40 solution and dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel chromatography (eluent: hexane-ethyl acetate = 1:3). The 
desired fraction was concentrated and the resulting crystals were recrystallized from ethyl acetate-hexane to 
give (2S.3R)-2-(2>difluorophenyl)-3-merc (compound 117 , 472 mg) 

^ as colorless needles, 
m.p 141-144" 

[og 5 + 64.1* (c = 1.0, methanol) 





Elemental Analysis for Ci2Hi3F 2 N 3 0$ 


50 


Calcd.: 


C, 50.52; 


H, 4.59; 


N, 14.73 




Found : 


C. 50.51; 


H. 4.59; 


N, 14.49 



55 NMR (CDCfe) B : 1.52(3H,d.J = 7Hz), 1.54<1H,d,J =6Hz), 3.69(1 H.m), 4.56(1^3). 4.62(1 H.d.J = 14Hz), 4.94- 
(1 H,dd,J = 14Hz, J = 1.8Hz). 6.68-6.81 (2H,m). 7.30-7.43(1 H.m), 7.73(1 H,s), 7.95(1 H.s) 
IR^cm-': 3260. 1615. 1500, 1420. 1260. 1200, 1125 
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Example 77 



In trifluoroacetic acid (75 ml) were dissolved 1- {l-(2,4-difluorophenyl)-l-hydroxy-2-(1H-1,2,4-tria2ol-1- 
s yl)-ethyl>1-(4-methoxybenzylthio)cyclopropane (4.26 g) ( anisole (26 ml) and mercury (II) acetate (3.58 g) 
and the solution was stirred at room temperature for 2 hours. The reaction mixture was then concentrated 
under reduced pressure, the residue was diluted with petroleum ether (50 ml), and the supernatant layer 
was removed. To the residue was added ether (30 ml), whereupon the mercuric compound separated out 
as a colorless powder. The powder was collected by filtration and washed with a small amount (10 ml) of 
10 ether. This product (6.2 g) was suspended in dichtorcmethane (150 ml) and hydrogen sulfide was bubbled 
into the suspension at room temperature for 30 minutes. The resulting precipitate was filtered off and the 
filtrate was concentrated under reduced pressure. The residue was subjected to silica gel chromatography 
(2.5 x 40 cm), and elution was carried out with ethyl acetate-hexane (3:1). The desired fraction was 
concentrated and the residue was treated with isopropyl ether to give compound 120 (2 g) as colorless 
/5 needles. 
m.p. 92-94 *C 

'H-NMR (CDCI 3 ) 5 : 0.72-1 28(4H.m). 2.26(1 H.s), 4.80(1 H.d.d J = 1.6Hz.14Hz). 5.19(1H,bs), 5.31- 
(1 H,d,d,J » 1 .6Hz.1 4Hz). 6.63-6.88(2H.m). 7.54-7.66(1 Km). 7.81 (1 H.s). 8.1 4(1 H.d.J = 1 .6Hz) 



20 


Elemental Analysis torCi 3 HuF2N 3 OS 




. Calcd.: 


C. 52.52; 


H, 4.41; 


N, 14.13 




Found : 


C, 52.41; 


H, 4.45; 


N, 13.97 



25 



Example 78 



In methanol (25 ml) were dissolved (2R,3R)-2-(2,4-difluorophenyl)-3-methyl-2-[(1H-1^ i 4-tria20l-l-yi)- 
methyl]oxirane (0.98 g), methyl 3-mercaptopropionate (3.3 ml) and 28% sodium methoxide-methanoi (3.0 g) 
and the solution was refluxed on an oil bath. After 2 and after 3 hours, methyl 3-methylpropionate (0.83 ml) 
and 28% sodium methoxide-methanoi (0.75 g) were added at each time. The oil bath was removed after 

35 heating for 4 hours and the reaction mixture was neutralized with cold 1N-HCI (23.4 ml) and extracted with 
dichloromethane (200 ml). The extract was washed with saturated aqueous sodium chloride solution and 
dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The 
. residue was purified by silica gel chromatography (eluent hexane-ethyl acetate » 1:3). The desired fraction 
was concentrated and the resulting crystals were recrystallized from ethyl acetate-hexane to give (2R,3S)-2- 

40 /(2,4-difluorophenylh3-merCTpto-1-(1H-1,2,4-triazol-1-yl)-2-butanol (compound 118 , 461 mg) as colorless 
needles, 
m.p. 141-143*C 
[ag 3 - 63.4 # (c = 1.0, methanol) 



Elemental Analysis for C12H13F2N3OS 


Calcd.: 
Found : 


C, 50.52; 
C, 50.51 ; 


H, 4.59; 
H, 4.68; 


N, 14.73 
N, 14.53 



50 

NMR (CDCI3) S : 1.52<3H,d,J = 7Hz), 1.54(1 H,d, J = 6Hz), 3.69(1 H,m), 4.55(1 H,s). 4.62(1 H.d.J = 14Hz), 4.93- 
(lH,dd.J = 14Hz.J = 1.8Hz), 6.68-6.82(2H,m), 7.29-7.45(1 H,m), 7.72(1 H.s), 7.95(1 H,s) 
. IR(K8r)cm-': 3260, 1615, 1500, 1420, 1260. 1200. 1120 



Example 79 
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10 



15 



In trifluoroacetic acid (20 ml) were dissolved 3-(4-methoxyben2ylthio)-2-{2.4-difluorophenyl)-3-methyl-l- 
(1H-1,2,4-triazoM-yl)-2-butanol (1.23 g), anisole (7.5 ml) and mercury (II) acetate (1.03 g) and the solution 
was stirred at room temperature for 2 hours. The reaction mixture was then concentrated under reduced 
pressure, the residue was diluted with petroleum ether (20 ml), and the supernatant layer was removed. To 
the residue was added ether (20 ml). The resulting colorless powder was collected by filtration and washed 
with a small quantity (5 ml) of ether to give the mercuric compound (1.6 g). This product (1.6 g) was 
suspended in dichloromethane (50 ml) and hydrogen sulfide was bubbled into the suspension at room 
temperature for 20 minutes. After the precipitate was filtered off, N2 gas was bubbled Into the filtrate for 15 
minutes and the solvent was then distilled off under reduced pressure. The residue was subjected to silica 
gel chromatography (2.5 x 20 cm), elution being carried out with ethyl acetate-hexane (3:1). The desired 
fraction was concentrated and isopropyl ether was added to the residue to give compound 119 (0.6 g) as 
colorless needles, 
m.p. 95-96 "C 

'H-NMR (CDCI3) 6 : 1.39(3H.s), 1.42-1.48(3H,m), 2.39(1H,s), 4.93(1 H,d,d, J = 2.6Hz, 14Hz), 5.32- 
(lH.d,d,J = 2.6Hz.14Hz), 5.44(1 H,s), 6.59-6.85(2H.m), 7.62-7.71 <1H,m), 7.75(1 H.s), 8.08(1 H,d, J = 2.6Hz) 





Elemental Analysis for C13H15F2N3OS 




Calcd.: 


C, 52.16; 


H, 5.05; 


N, 14.04 


20 


Found : 


C, 52.13; 


H, 5.10; 


N, 14.03 



25 



Examples 80-85 



30 



In a similar manner to that described in Example 64, (2R,3R)-2-(2,4-difluorophenyl)-3-mercapto-1-(1H- 
1,2,4-triazole-l-yl)-2-butanol pn Table 15. simply referred to "(2R,3R)-methyl thiol deriv."] was allowed to 
react with the chioro-compound shown in Table 15 to afford Compound 90 , 91 . 126 - 129 . 



35 



40 



50 



55 
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Table 15 



Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


80 


(2R,3R)- 

Methylthiol 

deriv. 

(0.50g) 

4-Chloro- 

methyl 

pyrimidine 

(0.22g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.36ml) 

17 min. 

20 P C 

* 


Compound 126 (0.37g f 56%): 
Colorless needles 
(crystallized from a 
mixture of diethylether and 
diisopropylether ) 
mp. 113-113. 5°C 
IH-NMR(CDC1 3 )8: 
1.19(3H,d, J=7.0Hz), 
3.48(lH,q,J=*7.0Hz), 
3.86(lH,d,J=14.2Hz) , 
4.07(lH,d, J=14.2Hz) , 
4.66(lH,d,J=14.2Hz), 
5.04(lH,d,J=14.2Hz), 
5.84(lH,s)r 6.68- 
6.78(2H,m), 7.33- 
7.45(lH,m), 
7.44(lH,d,J=5.2Hz), 
7.76(2H,s) , 
8.73(lH,d,J=5.2Hz), 
9.23(lH r s) 

[a]£ 5 -86.8<> 

(c=1.0, in methanol) 

Elemental Analysis for 

CnH 17 F2N 5 OS: 
Calcd.: C54.10; H,4.54; 

N,18.56 
Pound : C, 54*13; H,4.55; 

N,18.39 


81 


(2R,3R)- 
Methylthiol 
deriv. 
(O.SOg) 
4-Chloro- 
methyl 
pyrimidine 
•hydro- 
chloride 
(Q.31g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.72ml) 

12 min. 

20°C 


Compound 127«2HC1 (G.54g, 
67%) pale brown powder 
lH-NMR(DMSO-d 6 )5: 
1.05(3H,d,J=6.6Hz), 
2.74(3H,s), 
3.64(lH,q,J=6.6Hz), 
3.96(lH,d,J=13.8Hz) , 
4.11(lH,d,J=13.8Hz), 
4.58(lH,d,J=14.4Hz) , 
4.93(lH,d,J=14.4Hz), 6.9- 
7.0(lH,m), 7.1-7. 3(2H,m), 
7,68(lH,d, J=4.8Hz), 
8.05(lH,s) , 
8.85(lH,d, J=4.8Hz), 
8.89(1H,S) 



55 
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Ex* 
NO, 


Starting 
compounds 


Reaction 
conditions 


Products 


82 


(2R,3R)- 

Methylthiol 

deriv. 

(0.6g) 

5 -Ami no- 3- 

chloromethyl 

-1,2,4- 

thiadiazole 

(0.34g) 


Ethanol 

(15ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.4ml) 

30 min. 

20°C 


Compound 

128«dihydrochloride 
(0.38g, 39%): colorless 
powder 

lH-NMR(DMSO-d 6 )6: 
1.02(3H,d,J=7Hz), 
3.61(lH,d, J=7Hz), 
3.73(lH,d,J=15Hz) , 
3.86(lH,d,J=15Hz), 
4.58(lH,d,J*14Hz), 
4.97(lH,d,J»14Hz), 6.83- 
6.96(lH,ra), 7.08- 
7.28(2H / ra) r 7.95(lH,s), 
8.74(lH,s) 


83 


(2R,3R)- 

Methylthiol 

deriv. 

(0.50g) 

3-Chloro- 

methyl- 

iraidazo[l,2- 

a]pyrida2ine 


Ethanol 

(5.0ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.72ml) 

25 min. 

20°C 


Compound 129»dihydro- 
chloride (0.63g, 73%) 
Colorless powder 
(crystallized from a 
mixture of ethanol , 
methylene chloride and 
ethylether. 
mp. 95-99°C 
lH-NMR(DMSO-d 6 )8: 
1.01(3H,d,J=7.8Hz), 
3.47(lH,q, J=7.8Hz), 
4.30(2H,s), 
4.31(lH,d,J=13.8Hz), 
4.74(lH,d,J=13.8Hz) , 
5.94(1H,S), 6.8-7.0(lH,m), 
7.0-7.4(3H,m), 7.59(lH,s), 
7.83(lH,s), 
8.15(lH,d, J=9.2Hz), 
8.21(1H,S), 
8.61(lH,d,J=2.6Hz) 

[o)J 5 -87.7° 

(c=0.56, in methanol) 


84 


(2R,3R)- 
Methylthiol 
deriv. 
(0.50g) 
4-Chloro- 
methyl-1- 
methyl 
imidazole 
hydro- 
chloride 
(0.27g) 


Ethanol 

(5.0ml) 

28% sodium 

methylate 

methanol 

solution 

(0.72ml) 

10 min. 

20°C 


Compound 90«dihydro- 
chloride (0.41g, 51%) 
colorless powder 
lH-NMR(DMSO-d 6 )5: 
1.07(3H,d, J=7.QHz), 
3.38(lH,q,J=7.0Hz), 
3.88(3H,s) , 
3.98(lH,d, J=14.8Hz) , 
4.11(lH,d,J=*14.8Hz) , 
4.69(lH,d,J=14.2Hz) , 
5.05(lH,d,J=14.2Hz) , 6.9- 
7.4(3H,ra), 7.66(lH,s), 
7.97(lH,s), 8.85(1H,3), 
9.14(lH f s) 
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Ex. 


Starting 


Reaction 


Products 


5 


No. 


compounds 


conditions 




85 


(2R,3R)- 
Methylthiol 


Ethanol 


Compound 91 (0.40g, 60%) z 




(5.0ml) 


colorless needles 






deriv. 


28% sodium 


(crystallized from 


10 




(0.50g) 


me thy late 


diethylether) 






WC t it O iW X 






raethyl-1- 


solution 


1H- 






methyl 


(0.72ml) 


NMR{CDCl 3 )S:l.ll(3H,d,J=7.2 






imidazole 


10 min. 


Hz), 3.19(lH,q,J=7.2Hz) , 


IS 




hydro- 


20°C 


3.72(3H,S), 




chloride 




3.80(lH,d,J=14.6Hz), 






(0.27g) 




3.89(lH,d,J~14.6Hz), 








4.45(lH,d, J=14,6Hz) , 
4.82(lH,d, J=14.6Hz) , 
5.00(lH,br.), 6.66- 


20 








6.75(2H,m), 6.99(lH,s), 
7.27-7.38(lH,m), 
7.46(1H,S), 7.72(lH,s), 
7.75(lH f s) 
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Example 86 



In ethyl acetate (20 ml) was dissolved (2R.3R}-2-(2 i 4-difluorophenyl)-3-mercapto-1-(1H-1 ,2,4-^13201-1- 
yl)-2-butanol (compound 43 , 0.2 g) and the solution was concentrated to about 10 ml under reduced 
pressure. The concentrate was allowed to stand at room temperature, whereupon compound 43 separated 
out as colortess prisms. X-ray crystallography of this product gave the following findings. 



Crystal Data 


Formula 


C12H13N3OF2S 


Formula Weight 


285.31 


Crystal System 


ortho rhombic 


Cell Dimensions 


a = 10.754(1) A 
b = 13.771 (2)A 




C = 9.069(1)A 
1343.2(3)A 3 


Cell Volume 


Space Group 


P2,2,2, 


Number of Formula Units in the Unit Cell 


4 


Calculated Density 


1.411g/cm 3 


•Radiation 


Mo-Ka (X = 0.71069*) 


Final R-value 


0.041 



Example 87 

55 

In ethyl acetate. (10 ml) was dissolved (2R,3R)-2-(2 ( 4-difluorophenyl)-3-mercapto-1-(1H-12.4-tiiazol-l- 
yl)-2-butanol (compound 43 . 0.2 g) followed by addition of 4 N HCI-ethyl acetate (1 ml). The mixture was 

104 
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concentrated under reduced pressure to about 1 ml, whereupon crystals separated out. Then, ethyl ether (2 

ml) was added and the mixture was filtered to give compound 43 hydrochloride (0.15 g) as colorless 

needles. 

m.p. 155-162" C 



Elemental Analysis for C t 2 H t 3 F 2 N 3 OS # HCI 


Calcd.: 
Found r 


C, 44.79; 
C, 44.77; 


H, 4.39; 
H, 4.48; 


N, 13.06 
N, 12.85 



X-ray powder diffraction pattern: Fig. 1 

Example 88 



In ethyl acetate (20 ml) was dissolved (2R.3R)-2-(2.4-difiuorophenyI}-3-mercaptCHl-(1H-1 ( 2,4-tria2ol-1- 
yl)-2-butanol (compound 43 , 0.48 g) followed by addition of 25% hydrogen bromide-acetic acid (0.7 ml). 
The reaction mixture was~diluted with 100 ml of hexane and the resulting powder was collected by filtration 
and dissolved in ethyl acetate (10 ml). The solution was allowed to stand after addition of ethyl ether (20 ml) 
and the resulting crystals were collected by filtration to yield compound 43 hydrobromide (0.35 g) as 
colorless platelets, 
m.p. 180-185* C 



Elemental Analysis for CiaHnFzNaOS'HBr 


Calcd.: 
Found : 


C, 39.36; 
C, 39.28; 


H. 3.85; 
H, 3.85; 


N, 11.47 
N. 11.32 



X-ray powder diffraction pattern: Fig. 2 

35 

Examples 89-93 



In a similar manner to that described in Example 64, (2R,3R)-2-(2 l 4-difIuorophenyl)-3-mercapto-1-(1H- 
40 1,2.4-triazoM-yl)-2-butanol pn table 16. simply referred to "(2R f 3R)-methyl thiol deriv."] was allowed to 
react with the chloro compound shown in Table 16 to afford Compound 95 , 101^ , 102 , 130 , 131^ . 



45 



50 



55 
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Table 16 



Ex. 
NO. 


Starting 
compounds 


Reaction 
conditions 


Products 


89 


(2R,3R)- 

Methylthiol 

deriv. 

{O.I69) 

3-Chloro- 

methyl 

imidazo[l,5- 
ajpyrimidine 
hydro- 
chloride 
(0.2g) 


Ethanol 

(2.0ml) 

28% sodium 

methylate- 

methanol 

solution 

(0.24ml) 

10 rain, 

20°C 


Compound 130 (0.04g/ 17%) 
Colorless oily substance 
1H-NMR(CDC1 3 )8: 
l.ll(3H,d,J=7.0Hz), 
3.34(lH,q,J=7.0Hz), 
4.22(lH,d,J=15Hz) , 
4.33(lH,d,J=l5Hz) , 
4.42(lfi,d,J=14.2Hz), 
4.77(lH,d,J=14.2Hz) , 
5.55(lH,br), 6.6-6.8(2H,ra), 
6.67(lH,d,d,J=5.4Hz,8.2Hz) , 
7.3-7.4(lH,m), 7.62{lH,s), 
7.71(lH,s), 7.75(lH,s), 

8.26(lH,d,d,J=1.8Hz,8.2Hz) 
This product was dissolved 
in a mixture of ethyl 
acetate and diethyl ether, 
to which was added a 
hydrogen chloride-ethyl 
acetate solution (l.Oml). 
Crystals then precipitated 
were collected by 
filtration to obtain 
Compound 130*dihydro- 
chloride (0.02g) 
m.p. 118-127°C 


90 


(2R,3R)- 
Methylthiol 
deriv, 
(0.28g) 
7-Chloro- 
metnyi 
imidazole 5- 
bjpyridazine 
hydro- 
chloride 
(0.2g) 


Ethanol 
(3.0ml) 
28% sodium 
methylate- 
methanol 

solution 
(0.40ml) 
10 min. 
20°C 


Compound 131_(0.06g, 15%) 
Colorless powder 
(crystallized from a 
mixture of methanol and 
diethylether) 

mn 210-220°C 
lH-NMR(DMSO-d 6 )8: 
1.01(3H,d,J=6.8Hz), 
3.67(lH,q,J=6.8Hz), 
4.34(lH,d r J=14.4Hz) , 
4.35(lH,d,J=14.2Hz) , 
4.40(lH,d,J=a4.4Hz) , 
4.73(lH,d,J=14.2Hz) , 
6. KlH.br. ), 6.79- 
7.30(4H,m), 7.59(lH,s) f 
7.62(1H,S), 
8.18(lH,d,J=9.2Hz) , 
8.28{1H,S) , 
8.40(lH,d, j=4.2Hz) 
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EX. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


91 


(2R,3R)- 

Methyl thiol 

deriv. 

(0.75g) 

2-Chloro- 

methyl-1- 

imidazol 
hydro- 
chloride 
(0.48g) 


Ethanol 

(7.5ml) 

28% sodium 

methylate- 

methanol 

solution 

(1.08ml) 

10 min. 

20°C 


Compound 101 (0.82<j/ 79%) 
Colorless prisms 
(crystallized from ethyl 
ether) 

mp. 120-121°C 
XH-NMR(CDCl3)8: 
1.22{3H,d,J=7.0H2) , 
1.45{3H,t,J=7.4Hz), 
3.54{lH,q,J=7.0Hz), 
3.75(lH,d,J=15.4Hz), 
3.99(2H,q,J*7.4Hz), 
4.06(lH,d, J»15.4Hz) , 
4.59(lH,d,J=14.4Hz), 
4.84(lH,d,J«14.4Hz) , 6.68- 
6.77(2H,m), 6.90(lH,s), 
7.00(lH,s), 7.34(lH,br. ) , 
7. 39-7. 52{lH,m), 
7.66{lH,s), 8.00(lH,s) 


92 


(2R,3R)- 
Methylthiol 
deriv, 
(0.75g) 
2-Chloro- 
methyl-1- 
isopropyl 
imidazol 
hydro- 
chloride 
(O.Slg) 


Ethanol 

(7.5ml) 

28% sodium 

methylate- 

methanol 

solution 

(1.08ml) 

10 min. 

20°C 

■1 


Compound 102 (0.84g, 79%) 
Colorless prisms 
(crystallized from ethyl 
ether) 

mp. 159-160°C 
1H-NMR(CDC13)S: 
1.22(3H,d,J=6.8Hz ) , 
1.47(6H,d,J=6.8Hz), 
3.54(lH,q,J=6.8Hz), 
3,77(lH,d,J=15.4Hz) , 
4.08<lH/d,J-15.4Hz) , 
4.44(lH,sep.J=6.8Hz), 
4.62(lH,d,J=»14.6Hz) , 
4.83<lH,d,J=14.6Hz), 6.68- 
6.79(2H,m), 6.96(lH,s), 
7.02(lH,s) r 7.33(lH,br.), 
7.43-7.52<lH,ro), 
7.66<1H,S), 8.00(lH,s) 



40 



45 



50 



55 
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Ex. 
No. 


Starting 
compounds 


Reaction 
conditions 


Products 


93 


(2R,3R)- 
Methylthiol 
deriv. 
(0.75g) 
3-Chloro- 
methyl-4- 
methyl 
triazole 
hydro- 
chloride 
(0.44g) 


Ethanol 
(7.5ml) 
28% sodium 
me thy la te- 
methanol 
solution 

[ x • uauLL j 
10 min. 
20°C 


Compound 95_(0.90g, 90%) 
Colorless powder 
(crystallized from 
methanol-ethyl ether) 
rap* 102-107°C 
1H-NMR(CDC13)8: 
1 12 f 3H.d. J-7 .0Hz) / 
3.47(lH,q,J=7.0Hz) , 
3.76(3H,s), 
3.97(lH,d,J=15Hz), 
4.06(lH,d,J-15Hz), 
4.60(lH,d, J=14.2Hz) , 
4.81(lH,d,J=14.2H2) , 
5.36(1H,S), 6.65- 
6.77(2H,m), 7.30- 
7.39(lH,m), 7.73(lH,s), 
7.80(lH,s), 8.12(lH,s) 



25 Example 94 



To the solution of 2-(2,4-difluorophehyl)-2-(1 H-1 , 2 l 4-triazol-1-ylmethyl)oxirane (8.0 g) and 3-mercap- 
toproptonic acid methyl ester (11.2 ml) in dimethytformaide (160 ml) was added 60% sodium hydride 

30 suspension in oil (4.0 g), and the mixture was stirred for 15 minutes. 1N aqueous hydrochloric acid solution 
(101 ml) was added dropwise to adjust pH to 7, and dimethylformamide and water were evaporated off 
under reduced pressure. To the residue was added 20 ml of water, followed by extraction with ethyl acetate 
(50 m! x 3). The extract was washed with saturated aqueous sodium chloride solution, and dried over 
anhydrous sodium sulfate, followed by evaporation under reduced pressure. The residue was subjected to 

35 silica gel column chromatography (6.0 x 9.0 cm) and eluted with ethyl acetate-hexane (3:1). The desired 
fraction was concentrated, and to the residue was added diethyl ether, to give 2-(2.4-difluorophenyl)-3- 
mercapto-1-(1H-1^,4-triazol-1-yl)propan-2-ol (6.44 g) as colorless needles, 
mp. 112-113* C 



40 


BementaJ Analysis for Ci 1 Hi i F2N3OS 




CaJcd. : 


C. 48.70; 


H, 4.09; 


N t 15.49 




Found : 


C, 48.96; 


H, 4.11; 


N, 15.62 



45 



Example 95 



A methanol solution (75 ml) containing (2R,3S)-2-(2 l 4.difluorophenyl)-2-(1-imidazolyl)methyl-3-methylox- 
irane (2.5 g), methyl 3-mercaptopropionate (5.5 ml) and 28% sodium methoxide-methanol (8.1 ml) was 
refluxed for 1.5 hours. Then, methyl 3-mercaptopropionate (5.5 ml) and 28% sodium methoxide-methanol 
(8.1 ml) were added and the mixture was further refluxed for 2 hours. The reaction mixture was cooled with 
ice. neutralized with 5 N hydrochloric acid (16 ml), diluted with saturated aqueous sodium chloride solution 
(100 ml) and extracted with ethyl acetate (200 ml x 3). The extract was dried over anhydrous magnesium 
sulfate and the solvent was distilled off under reduced pressure. The residue was dissolved in methylene 
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chloride (40 ml), followed by addition of 1 N aqueous sodium hydroxide solution (8 ml) and water (100 ml). 
The aqueous layer was further extracted with methylene chloride (40 ml x 3). The methylene chloride layers 
were combined and extracted 5 times with water (30 ml) containing 1 N hydrochloric acid (8 ml). The 
aqueous layers were combined, neutralized with sodium hydroxide and extracted with methylene chloride 
5 (40 ml x 4). The extract was dried over anhydrous magnesium sulfate and the solvent was distilled off under 
reduced pressure. The residue was subjected to silica gel chromatography (4 cm x 15 cm) using methanol- 
methylene chloride (5:95) as the eluent. The desired fraction was concentrated and diethyl ether was added 
to the residue to yield (2R.3Rh2-(2,4-difluorophenyl)-H1-imida2olyl)-3-mercapto-2-butanol (0.84 g) as 
colorless prisms. 

70 'H-HMR (COCb) 5 : 1.12(3H,d.J = 7.0Hz), 1\69(1H,d,J = 6.0Hz), 3.68(1 H,m), 4.45(1 H.d.d., J = 1 ,4Hz, 14.2Hz). 
4.59(1 H,d,J = 14.2Hz). 6.57(1H,s), 6.71(1H.s). 6.7-6.85(2H,m), 7.28(1H.s). 7.3-7.5(1 H.m) 
m.p. 125-135* C 



Elemental Analysis for CoHiiFaNaOS 



Calcd. : 


C. 54.92; 


H. 4.96; 


N. 


3.85 


Found : 


C. 54.94; 


H. 5.10; 


N., 


9.62 



20 



2S 



30 



IR(KBr)cm- 1 : 3000. 1610. 1590. 1500. 1420. 1260. 1200. 1130 

The above compound was dissolved in diethyl ether, and hydrochloric acid-diethyl ether wad added. 
The resulting powder was recrystallized from ethanol-diethyi ether to give the hydrochloride as colorless 



pnsms. 



'H-HMR (DMSO-de) 5 : 1.06(3H,d.J = 6.8H2). 2.95(1 H,d. J = 9.2Hz). 3.63{1H.m). 4.65(1 H.d.J = 14.6Hz). 4.92- 
(1H,d.J = 14.6Hz). 6.31(1H.s). 6.98(1 H,d.t,J =2.8Hz. 8.8Hz), 7.20-7.37(2H,m). 7.29(1Ks). 7.45(1H.s). 835- 
(1H.s) 



Elemental Analysis for 






Ci3HisF 2 N20S-HCri/2H 2 0 




Calcd.: 


C, 47.34; 


H. 4.89; 


N, 8.49 


Found : 


C. 46.74; 


H, 4.43; 


N.8.44 



35 



IF^KBrJcm-': 3270, 3000, 1600. 1490, 1410. 1260. 1120 



40 



Claims 

1. A compound of the formula (I): 



• N 



R« OH R 1 
I N-C H-C C — A 

F.^k R * 



CO 



50 



wherein, R°. R 1 and R 2 are the same or different and represent a hydrogen atom or a lower alkyl group; A 
represents a formula: 



109 



9MSDOCID: <EP 04*1210A2J_> 



EP0 421 210 A2 



(0)n 



-S-X-R 3 



10 



15 



20 



25 



30 



35 



40 



45 



or -S-R 4 

wherein, X stands for a chemical bond or a formula: 



-C-X' - 

it 



(wherein, x' stands for a chemical bond or an alkylene group having 1 to 5 carbon atoms which may 
contain sulfur or oxygen atom as the constituent atoms, R s and R 6 are the same or different and stand for a 
hydrogen atom or a lower alkyl group), R 3 stands for an aromatic heterocyclic group which may be 
substituted, n denotes 0, 1 or 2), 
and R 4 stands for a hydrogen atom or an alkanoyl group, 

provided that R° or R 1 is a lower alkyl group, and the C-2 asymmetric center has R-configuration when X or 

x' in A is a chemical bond or A stands for a formula: 

-S-R 4 

(wherein, R 4 is the same as defined above), or a physiologically acceptable salt thereof. 

2. A compound according to cJaim 1,. wherein R° or R 2 is hydrogen atom, and R 1 represents lower alkyl 
group. 

3. A compound according to claim 1 , wherein R 4 is hydrogen atom. 

4. A compound according to claim. 1, wherein R s and R* are the same or different and represent a 
hydrogen atom or a methyl group. 

5. A compound according to claim 1 , wherein n denotes 0. 

6. A compound according to claim 1, wherein R° and R 2 are hydrogen atoms, and R 3 is methyl group. 

7. A compound according to claim S, wherein C-3 and C-3 asymmetric centers of the compound both have 
R-configuration. 

8. A compound according to claim 3, wherein the compound is (2R t 3R)-2-(2 ( 4-difluorophenyl)3-mercapto-1- 
(1 H-1 ,2,4-triazoM -y l)-2-butanoi. 

9. A method for producing a compound of the formula (I): 




[ N-CH-C C— A (1) 

v » / in if I* *tw - 



50 



55 



wherein, R° f R 1 and R 2 are the same or different and represent a hydrogen atom or a lower alkyl group; A 
represents a formula: 

(0)n 
-S-X-R 3 

[wherein. X stands for chemical bond or a formula: 
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-C-X' 



(wherein, X stands for chemical bond or an aikylene group having 1 to 5 carbon atoms which may contain 
sulfur or oxygen atom as the constituent atoms, R s and R 6 are the same or different and stand for a 
io hydrogen atom or a lower aikyl group), R 3 stands for an aromatic heterocyclic group which may be 
substituted, n denotes 0, 1 or 2), or a formula: 
-S-R* 

(wherein, R* stands for a hydrogen atom or an alkanoyl group), provided that R° or R 1 is lower alky! group 
when X or x' in A is chemical bond or A stands for a formula: 
75 -S-R* 

(wherein. R* is the same as defined above), or a salt thereof, which comprises allowing a compound of the 
formula (II): 

yj R 9 OR 1 



25 



00 



35 



40 



45 



50 



[ N-C H-C CR* (I) 




wherein R°. R 1 and R 2 are of the same meaning as defined above, to react with a compound of the formula 
(III): 

HS-X-R 3 (III) > 

wherein X and R are of the same meaning as defined above, and when necessary, subjecting the reaction 
product to oxidation. 

10. A method for producing a compound of the formula (IV): 

N R ' OH R' 

n III 
I N-C C C-SH (IV) 



II D I 0 



wherein R 7 ,R 8 ,R 9 , R 10 and R 11 are the same or different and represent a hydrogen atom or a hydrocarbon 
residue which may be substituted, and a salt thereof, which comprises allowing a compound of the formula 
(V): 



:N 



R 7 



r. K-C-C-C-R. (V) 
^ R * R" R ,a 



wherein R 7 , R*. R», R'° and R" are of the same meaning as difined above, to react with a compound of the 
re formula (VI) 
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HS-CH 2 -CH-Y 
Z 



(VI) 



10 



75 



wherein at least one of Z and Y is a cyano group or a carboxyl group which may be esterified or amidated. 
and the other group is a hydrogen atom, a lower alkyl group, or an amino group which may be acylated 
11. An antifungal composition which contains an effective amount of a compound of the formula (I): 



CO 



25 



30 




20 wherein. R°. R 1 and R 2 are the same or different and represent a hydrogen atom or a lower alkyl group; A 
represents a formula: 

(O)n 
* 3 



-S-X-R 

(wherein. X stands for chemical bond or a formula: 

J 

-C-X' - 



R* 

35 

(wherein, X stands for chemical bond or an alkylene group having 1 to 5 carbon atoms which may contain 
sulfur or oxygen atom as the constituent atoms, R s and R 6 are the same or different and stand for a 
hydrogen atom or a lower alkyl group), R 3 stands for an aromatic heterocyclic group which may be 
substituted, n denotes 0, 1 or 21, or a formula; 
40 -S-R* . 

(wherein, R* stands for a hydrogen atom or an alkanoyl group), provided that R° or R 1 is a lower alkyl 

group when X or X in A is a chemical bond or A stands for a formula: 

-S-R* 

(wherein, R* is the same as defined above), 
45 or a pharmacologically acceptable salt thereof, and pharmacologically acceptable carriers. 

T2. An antifungal composition according to claim 11, wherein R° or R 2 is a hydrogen atom. R 1 represents a 
lower alkyl group. 

13. An antifungal composition according to claim 11, wherein R* a hydrogen atom. 

14. An antifungal composition according to claim 11. wherein R 5 and R 6 are the same or different and 
50 represent a hydrogen atom or a methyl group. 

15. An antifungal composition according to claim 11, wherein n denotes 0. 

16. An antifungal composition according to claim 11, wherein R° and R 2 are hydrogen atoms, and R 3 is 
methyl group. 

17. An antifungal composition according to claim 16, wherein C-2 and C-3 asymmetric centers of the 
55 compound have an R- configuration 

18. An antifungal composition according to claim 13. wherein the compound is (2R. 3RH-(2.4- 
dif luoropheny l)-3-mercapto-1 -(1 H-1 ,Z4-triazol-1 -yl)-2-butanol. 

19. An antifungal composition according to claim 13. wherein the compound is (2RS. 3RS)-2-{2 ( 4- 
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difluorophenyl>3-mercapto-l -(1 H-1 Z4-triazoM-yl]-2-butanol. 
20. A method for producing a compound of the formula (VII): 



(5-aicii, (vii) 




10 



which comprises allowing a compound of the formula (VIII): 

f5 



20 CIlj-ill-COrT^O (VIII) 

(R) W 



25 



to react with a 2.4-difluorophenylmagnesium bromide. 

21. A method for producing a compound of the formula (VII): 



2 ?0 



C-CIICJI, (vii) 

20 F^A<*> 




35 

which comprises 

(1) reacting (RHactic acid lower aikyl ester wfth morpholine to produce f\H(2R)-2-hydroxyp/opionyl]- 
morpholine (IX), 

(2) reacting the compound (IX) with 3,4-dihydro-2H-pyrane to produce a compound of the formula (VI")' 

P 

CII,-CII-C0r/~\ (VIII) 

45 (R) W 

and then 

(3) reacting the compound (VIII) with 2,4-difluorophenylmagnesium bromide. 

50 



55 
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